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ABSTRACT 


The effects of recommended feed intake (2.0 kg/sow/day, 
Suc l).0r ad’ Libltumszintake of a control diet (C=H) or 
diets containing 10% added sucrose (SU) or 10% stabilised 
tallow (TA) on sows in late gestation were determined in 2 
experiments. Response criteria were sow weight changes in 
late gestation and in lactation, litter performance, sow 
colostrum composition, sow and piglet blood constituent changes 
and piglet tissue and carcass composition. 

Ad libitum feed intake in late gestation led to signi- 
ficant increases in feed intake (P<0.01), weight gain (P<0.05) 
ana a higher but not significant weight loss in lactation. 
Piglet barthewelghts were.) 34, 1.435 e452and 1.36 ka=tor ithe 
C-L, C-H, SU and TA treatments respectively. The differences 
were not significant. At 3 weeks of age, the corresponding 
weights were 4.96, 4.295, 5.41 and 5.19 kg. The difference 
between the C-L and C-H groups was not significant but the 
difference between these values and that for the SU treatment 
was Significant (P<0.05). Piglets from the TA treatment 
weighed significantly (P<0.05) less at weaning than the SU 
Piglets but were heavier (P<0.05) than the C-L and C-H piglets. 
Numbers of pigs born were similar for the 4 treatments; the 
numbers weaned and percent stillborn per litter in the 4 
treatments were also similar. The gross composition of the 
cOolostra from the 4 treatments was similar but there were 
Significant (P<0.01) differences in the levels of palmitic 
and oleic acids present. Colostrum from the TA sows had more 


oleic acid than any other group but this was only significantly 
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(P=<0).05) ditterent Eromsthat oreene C-—H “and SU sows. The C=L 
and TA colostra however, contained significantly (P<0.05) 
lower Lorene Ol palmieie acid: 

Sow blood serum profiles were similar at the start of the 
second experiment. The only treatment effect at Day 108 of 
gestation was an increase in the level of cholesterol with 
ad libitum feeding. Cholesterol level in the serum of the 
TA sows was only Significantly (P<0.05) different from that 
in the C-L sows. Blood serum profiles of newborn pigs were 
Similar for all 4 treatments. There were significant changes 
in the levels of serum urea nitrogen, uric acid, cholesterol, 
total protein, albumin and bilirubin with age. 

Proximate carcass composition at birth was similar for 
the 4 treatments but TA piglets contained slightly more total 
lipid at birth. Again, significant age effects were observed. 
The fatty acid composition of the carcasses were similar at 
each sampling period with the exception of the levels of 
Palmlctolei cAipalmiticy;emynristic and palmitic acid at: birth, 
24 and 48 hr. respectively. At birth the glycogen content 
Inthe: Eb dorss, ofthe piglets was similar for the 4 treat- 
ments but in the liver, there was a significant (P<0.01) 
reduction in the glycogen content in pigs from sows fed the 
TAT Aleta ual neoGth JiVemrandll dorsi, sthe glycogenrcontent 


decreased significantly (P<0.01) from birth to 48 hr of age. 
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INTRODUCTION 

The newborn pig is poorly adapted to cope with severe 
environmental insult; thus poor environmental conditions at 
birth can lead to preweaning losses of between 20 and 303 
and may impair the subsequent performance of those pigs that 
do survive. In the past, crushing was considered accountable 
for many of the neonatal deaths in piglets. More recently, 
nutritional inadequacy and the inability of the newborn pig 
to maintain body temperature have been implicated in the 
high pre-weaning loss. 

The newborn pig has a relatively large surface area, 
sparse pelage, no brown adipose tissue for non-sShivering 
thermogenesis and a limited ability to utilize energy sources 
other than carbohydrates (Stanton and Meuller 1976). With 
a critical temperature of 33-35°C, the newborn is stressed 
whenever temperatures lower than these persist in the farrowing 
barn and in such cases, has to rely upon body reserves to 
maintain body temperature. 

The piglet at birth has two energy reserves; a consid- 
erable store of glycogen in both liver and skeletal muscle 
and a rather limited lipid reserve (1-2% body weight). It 
has been clearly established that the glycogen reserves are 
auickiy idepletediwithin the first 12-16 he of late under 
normal rearing conditions. Lipids are present both as 
Structural entities (eq. phospholipids) and as depots for 
energy and insulation. However, the small amount present 


precludes its use as a major metabolic fuel. 
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Attempts have been made to influence the glycogen and 
lipid content of newborn pigs by modifying the feed intake of 
sows either throughout or in late gestation, (Curtis et al, 
1965; Vermedahl et al, 1969; Anderson and Wahlstrom 1970; 
Buitrago etyal,, 19/4a;eFriend, 1974 and Seerley et al, 1974). 
However most of these studies appeared to be aimed at trying 
to demonstrate the effects of less than adequate energy intake 
on glycogen and lipid reserves of the piglets. Information 
is thus lacking on the effects of high feed intakes in late 
gestation on tissue energy stores of newborn pigs. 

As has been observed (Buitrago et al, 1974a), there is 
also very limited information on the blood and tissue compo- 
Sition of the offspring of dams given different feeding levels 
during pregnancy. Studies undertaken since then have generally 
served to provide information on blood and tissue components 
of the offspring of sows fed restricted levels of feed, 
(Atinmo et al, 1974b; Buitrago et al, 1974a; and Seerley 
etal ee 4) % 

The objectives of the studies reported herein were to 
evaluate the effects of high feed intake by sows in late 
gestation on blood, milk and certain tissue components and to 
evaluate the ability of sows thus treated to rear pigs from 


birth until weaning. 
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LITERATURE REVIEW 
ae INFLUENCE OF DIETARY INTAKE AND DIETARY MANIPULATIONS ON 
PIGLET BIRTH WEIGHT AND ON SOW REPRODUCTIVE PERFORMANCE 

In this discussion, the effects of gestation and (where 
necessary) lactation treatments on piglet birth weight, 
weight gains from birth to weaning, pre-weaning losses and 
sow weight changes from breeding to parturition will be 
reviewed. 

is” Et rects vor veed" intake 

In sows, pregnancy instead of imposing a burden on energy 
requirements, improves the efficiency with which the diet is 
utilized (Lodge, 1972). Recently, studies on the effects? of 
teed dntake Om Sows ol birth weight of piglets have- been re- 
pOrrea by Edsleyre: al (1969) ,) Buztrago- et ail’ {197/0)) Probish 
and Steel, (1970) mand @robish et aly (lov). These authors 
reported progressive increase in birth weight as the sow's 
daily feed allowance increased from 1.6 to 5.5 kg. On the 
other hand, Lodge et al (1966a) and Baker et al (1969) failed 
to observe a Significant increase in birth weight as feed 
intakes increased from 1.4 to 3.0 kg per sow per day. Lower 
feed intakes of 0.9 to 1.4 kg per day led to decreases in 
DiEetin werght "(lodgevet al, 966a;" Bakervet al, 1969)". 

Lodge (1958) studied the effects of 2 lactation treatments. 
In the high regimen, sows were fed 3.6 kg of meal per day plus 
0.4 kg per piglet while the low level of intake allowed 0.9 kg 
per day plus 0.5 kg per piglet. He observed that the sows 


on the low intake levels lost more weight during lactation 


but gained more during pregnancy. Mean individual weaning 
weights were not significantly different. Eyles (1959) com- 
Paredes feedsintakes ofl. 3’ and) 09 kg per sow per day during 
the first 13° weeks of gestation. He reported similar litter 
sizes but higher piglet mortality with sows which had been 
fed le oekgq neal. “He attributed “the higher mortality to over- 
fat sows. There were no differences in piglet weights at 3 
or 8 weeks of age. 

The reproductive performance of normally-fed (NRC require- 
ments were met) and restricted sows was determined by Dean 
and Tribble (1961). Gestation weight gains for the normal 
and restricted sows were from 45.9 to 49.5 kg and from 23.6 
to 40.9 kg respectively. The latter required less assistance 
at farrowing, had a lower s*>stiliborn but had “a similar 
gestation length. The sows fed the restricted level of feed 
farrowed pigs of a lower birth weight and weaning weights 
at either 6, 7 or 8 weeks of age were also lower. They stated 
that sows and gilts that gained in condition during gestation, 
lost iconditioneduring the Lactation period. *Condition was 
defined as change in weight or backfat thickness. Essentially 
Similar results were obtained by Lodge et al (1961) who also 
stated that, even on a high scale of feeding during lactation, 
there was a marked body weight loss. Clawson et al (1963) 
and Curtis et al (1965) reported a significant increase in 
birth weight with increase in the level of feed intake during 


gestation. 


Lodge et al (1966a,b) studied the effects of 3 levels 
of feeding during pregnancy on reproductive performance and 
sow weight changes. Sows received either 2.7 kg, 1.4 kg 
CEs a Geli tne Lira eiomdayc anduac.70kO Until partnrituon. 
They found that the 3 treatments did not influence pre- and 
POstsnaralymorca lity  Iiesbarihe weights. of 123 ikg7 lelika 
and 1.2 kg were significantly different (P<0.001). Mean piglet 
weight at 3 and 8 weeks of age were 4.8, 14.2 kg, 4.3, 13.6 
kg and 4.6, 13.4 kg respectively. However, only the diff- 
erences at 3 weeks of age were significant (P<0.05). Preg- 
nancy weight gains for the 3 groups were 44.1 kg, 4.1 kg and 
19.1 kg. The corresponding weight changes during lactation 
WErG=—1/.3,eto.2, -4.5 KG and werewsignificantly diftierent. 
The performance of sows fed either at a low (1.8 yea 
Grenache (2.7 Ko/day)) level during the last third of gestation 
nde ercrlOwe 2 i kOAGay )eOle . igi Mo.  ka/day) ) level 
before and 21 days after breeding were compared by Mayrose 
et al (1966). They found that when the level of feed intake was 
increased in the last third of gestation, there was a signi- 
ficant (P<0.01) increase in sow weight gain, but there was 
no significant effect on piglet birth weight or weaning weight. 
The effects of amount and distribution of feed intake 
during pregnancy on sow's reproductive performance has been 
studied by O'Grady (1967). He concluded that sows fed 2.7 kg/ 
day during pregnancy lost weight during lactation while those on 
low feed (1.4 kg/day) gained or maintained weight. These 


treatments, significantly influenced both litter’ weight at 


birth and at weaning, with the high feed intake leading to 

Supe kTomplglet wergntsae Adam et: "alii(97 l)veandi'Frobish ety al 
(1O7 elater weportedisimilar findings. ~ From breeding to farr- 
owlng si bakem et aley969)) fed “omits 099). 1.40 29, (2.4504 

3.0 kg/day of a diet designed to be adequate or super ade- 
quate in all nutrients when fed at 1.9 kg. They found that 
these Levels wor feed iwtaketdid noteattect number of pigs 
farrowed or weaned (3 weeks of age). Birth and weaning 
weights and gilt weight gain increased as gestation feed 
intake increased. They noted, however, that high gestation 


feed intake led to a higher lactation weight loss and that birth 


weight and weaning weight reached a plateau at 1.9 and 2.4 kg 


gestation feed intake, respectively, Elsley et al (1969): ob- 


served a higher piglet birth weight with higher feeding levels 
iegestacLOn Mieyadlso, obsenved, that the Higham birth weight 
also led to a significant difference in piglet weight at 
weaning (8 weeks). They confirmed that gestation weight gains 
were negatively related to lactation weight loss or gain. 
PMddcdieronmeCOma is LOonwercanvely —(P<0.05) lower birth 
weight of piglets from sows fed 1.36 kg throughout prebreeding 
and gestation, Vermedahl et al (1969) reported a lower 3-week 
weaning weight (P<0.01) and a lower sow weight loss (P<0.01) 
during lactation in comparison to the performance of sows 
receiving 2.27 kg of feed. They showed that neither the vigour 
nor the number of live pigs at birth was affected by the 
treatments imposed. The effects of sow treatment on 3-week 


weaning weight were not noticeable when the offspring reached 
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Slaughter weight. 

Lodge (1972) reviewed the literature available on 
reproductive performance and noted that the majority of 
research results suggested an inverse relationship between 
gestation feed intake and voluntary intake during lactation, 
leading to a higher weight loss. 

t226) BEtects or Provein and Energy intake 

tie erLeet Or DEOtcIn Trestrickeion Ongile pertormance has 
been demonstrated by Pond et al (1968); a "protein-free" diet 
féd from Day 24 of gestation did not lead to a significant 
decrease in birth weight but at 6 weeks of age, the piglets 
had a lower weight (P<0.01) than a control group. They 
attributed = nisetona reduction 4m mile production. § However, 
Atinmo et al (1974a, b) have observed a significant reduction 
in birth weight when dams were fed protein-restricted diets. 
They also reported an 11.2 kg weight loss after parturition 
in such gilts; but gilts from the control and energy—restricted 
group gained weight. They demonstrated that post-natal growth 
was also affected up to slaughter age. 

Smith (1960) reported that a high energy (1212 Meal in 
total) intake in gestation and a low lactation (587 Mcal for § 
week lactation) energy intake led to a high gestation gain 
(S12 4ekg)candsa Nrgheweight Joss (-23.6 kq)) during lactation, 
Corresponding values for low gestation-high lactation and 
low gestation-low lactation treatments were 20.9, 3.5 kg and 
21.8, -24.9 kg. He concluded that the practice of building 


up sow body reserves during gestation and dissipating these 


during lactation was energetically inefficient. The 

influence of source and level of energy and protein intake 

On sow performance during growth, gestation and lactation 

has been reported by Bowland (1964). He obtained similar 
performance for (1) sows fed 2.7 kg per day during gestation 
and (2) sows with an 8% dietary restriction. The addition 

of 20% extra protein or 15% stabilised tallow to supply 20% of 
the energy in the rations of feed-restricted sows, did not 
have any significant effect on number or weight of pigs born 
alive or weaned. Sows fed the tallow diet had heavier weights 
at weaning after 2 lactation. He noted that litter birth weight 
and, weaning weight were significantly correlated (r=0.60) and 
the former was also associated with sow weight gain 

during gestation (r=0.54). Bowland (1964) suggested that, 
within limits, any feeding method should aim at a low gest- 
ation weight gain. O'Bannon et al (1966) observed slaughter 
Welghts?) OF) 2306-05-57 00/1 kg: in breed gilts, fed 3.3, 2.6 and 
22) Meal’ DE7 ko*diets mespectively trom 48.30, 47.7, 47.1. kg 
ChrOuldi soreedinGuatal 02a, oleae sand. OL. 2 ekg They noted 

that high daily weight gains by the high energy group 
were negatively correlated (r = -0.46) with the number 

of viable embryos. Three energy levels in late gestation 
(teeame2.4, 3.4 5and 4.4) Mcal ME/day) were ‘compared by 
Anderson and Wahlstrom (1970). Litter weight gain to 3 days 
of age, but not gestation length, was significantly (P<0.05) 
affected by the treatments. Gilts fed 3 energy levels (i.e. 


3.0, 6.0 and 9.0 Mcal ME/day) in gestation produced piglets 
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with weaning weights of 11.9, 12.3 and 12.2 kg respectively 
(P<0705).9*Weighe gains of those “pigs ‘carried to market 
weight were not different (Buitrago et al, 1970). In another 
Grit study; buitraqovet al” (1974b) “ebserved that feeding 278, 
5°39 and 9.0 Mcal GE/day led to prepartum gilt weights of 137, 
i73%and 192 kg," respectively (P<0 708). “The recorded birth 
weights of pigs from sows given the low energy intake were 
Significantly less than those for the medium and high groups. 
Gilts that received the high energy levels during pregnancy 
lost more weight during the 8-week lactation but the mean 
weaning weights of the piglets were quite similar. Ina 
previous study, Buitrago et al (1974a) compared 2 energy 
(1.22 262%0or 8.0 Mcal DE/day) levels throughout gestation. 
The corresponding birth weights were 0.76 and 1.10 kg. | 

Ine ratner similar studves involving 103 %corn, orl or 
corn starch diets having similar energy contents, Friend 
(1974) and Seerley et al (1974) obtained conflicting results. 
While Friend (1974) demonstrated that the corn starch resulted 
in a higher birth weight (P<0.01) and 35-day weight gain 
(P<0.05), Seerley et al (1974) reported that the corn oil group 
nades Vighntly Nigner birth ande2il-day- weights.) There was no 
treatment effect at weaning. Of significance, however, is 
the fact that whereas Friend (1974) fed the 2 diets through- 
OUENthe lactation, Seeriey et al (2974)) fed a common diet 
acter spALLULItLON. MOreOover, Pruend. Gl9/4) noted thatesows 
fed the corm o1l/idiet produced pigs with slightly nigher 21- 


day weights. The inclusion of either lard or corn o11 in 
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gestation diets for gules cdidenot jtead to significant differ-— 
ences in either birth or 3-week weight according to Malm et 
QL oro ee 

In summary there 1s ample evidence that a high feed or 
energy intake during gestation leads to higher gestation weight 
gains. It is less clearly established whether such treatments 
affect the performance up to weaning of the piglets. The 
higher gestation weight appears to be highly related to weight 
losses during the lactation period. At present, therefore, a 
low (2.0 kg) but constant feeding level is recommended during 
gestation. Some of the adverse effects of high feed or 
energy intake in gestation have been mentioned by Vermedahl 
et al (1969) and Buitrago et al (1974b). Very few of the 
studies to date have focused attention on the last 2 weeks 
or less of gestation and those that have, (Friend, 1974; and 
Seerley et al, 1974), were mainly designed to show effects 
of lower energy intake or the effects of dietary energy source 
OnspUGEn weloght and litter pemtonnance..) Thus the responses 
of sows in late gestation to ad libitum feeding have not been 
established. In thas thesis, an attempt will be made to deter— 
mine sow reproductive performance, litter weights and survival 


when sows are allowed high nutrient intakes in late gestation. 


igs 


II. ENERGY RESERVES IN NEWBORN PIGS 

A. GLYCOGEN 

Glycogen is a storage polysaccharide entirely composed 
Of Glucose residues. The glucose radicals in Glycogen are 
Joined by a,1-4 and a,1-6 linkages giving rise to a branch 
structure with the 1-6 linkages constituting the branch 
points. Approximately 93% of the glycosidic linkages are 
Of the [-4-type-and 72 of the 1-6 type. 9iIn the liver, 
glycogen is used as a source of glucose and in muscle and 
Other tissues it also provides glycolytic intermediates. 
Large amounts Of glycogen are stored in both the liver and 
muscles of fetal pigs during late gestation. The impor- 
tance of glycogen to the newborn pig cannot be over 
emphasized. The neonatal pig has very little body fat and 
approximately 80% of the substrate metabolised soon after 
birth is glycogen (McCance and Widdowson, 1959b). The 
metabolised substrate is important for maintenance of body 
temperature, evaporation of amniotic fluid from the body, 
rise in blood glucose level and maintenance of normal 
behavior in the “tirst few hours after birth (Shelley 1961). 

This review will concern itself with the level of 
glycogen in the liver and skeletal muscle of newborn pigs 
from sows that have been exposed to varying nutritional 
regimens throughout or during the last 2 weeks of gestation. 
Unless otherwise specified, the term "newborn" will refer to 
piglets observed immediately at birth and not a few hours 


later. Mersmann (1971) has suggested that the extent and 
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magnitude of the metabolic changes which occur immediately 
after birthemakessthis Gistinction mandatory. “In*inetances 
where the values for glycogen are not available, the values 
for total carbohydrate in the tissues will be reported. 
According to Shelley (1961), good agreement has been re- 
ported between values for total carbohydrate and glycogen 
in skeletal muscle and liver samples. 
A 1 Normal Glycogen Level in Newborn Pigs 

A l.a. Liver 

ASteanlymace 352, MOrridig (1952a)e in studies of baby epig 
mortality reported liver glycogen concentrations of 18.5 to 
90 mg/g with a mean of 52 mg/g in 14 piglets ranging in age 


from 0 to 15 hr. In subsequent studies, he employed histo- 


logical preparations to show the depletion of glycogen with age 


(Morrill 1952b), and the influence of low enviornmental 
temperature (15°C) -and«fastrng on liver*glycogen ‘concéen- 
Gracion (Morr li 1952¢)% Shelley (1961) “summarized the 
available literature on glycogen deposition pattern, total 
reserves and their changes at birth in several mammalian 
species. Quoting McCance and Widdowson (1959b), Shelley 
(1961) reported a liver glycogen concentration at term of 
about 80 mg/g wet weight for pigs. However, Curtis et al 
(1966) using 21 newborn pigs observed a mean tissue con- 
Gentration of total carbohydrate of 121.9 mg/g wet weight. 
Theyenoted ass ugnisicante reduction inthis reserve cat esqnr 
of age, having recorded a value of 79.6 mg/g wet weight for 


19 piglets. Swiatek et al (1968) also determined liver 
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giycogen lével at birth’ and its changes with fasting. 

They observed liver glycogen levels at birth of 148 mg/q 
and noted that these were 3-5 times greater than those 
observed in more mature swine. Liver glycogen decreased to 
the levels seen in older animals within 18 hr of delivery. 
In an €xperiment designed to study (inter alia) the effects 
Of energy intake by gilts in late gestation on reproductive 
peLitormance and certain chemical” characteristics of the 
offspring, the highest energy intake of approximately 4.4 
Meal ME pero day led to,a Liver glycogen concentration at 
birth of 121.5 mg/g wet weight in the offspring (Anderson 
and Wahlstrom, 1970). This was higher than the levels 
determined in the offspring of dams fed lower energy levels. 
In this same experiment,the inclusion of Dichlorvos (2,2- 
dichlorovinyl dimethyl phosphate) in the dam's diet led to 

a higher liver glycogen content in the newborn pig at birth 
(123.6 versus 107.1 mg/g wet weight for the control's 
offspring ). Mersmann and Houk (1971) estimated the liver 
glycogen levels of piglets ranging in age from 0 to 65 days. 
They observed a very high level of 230 mg/g wet weight at 
birth, this decreased to a minimum of about 50 mg/g wet 
weight at 2 days of age. A stable level of 70 mg/g wet 
weight was attained from Day 6 onwards. In a subsequent 
paper, Mersmann (1971) reported a value of 194.2 mg/g wet 
weight at birth, with the minimal level at Day 2 and again 
adult levels were observed from Day 6 onwards. Holub (1971), 


however, did not obtain as high a level of liver glycogen in 
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his neonatal pigs. The highest level of about 72 mg/g wet 
weight was obtained in piglets that were almost 24 hr old. 
It is thus probable that there had been some loss or util- 
ization before sample collection and determination of glyco- 
gen. In his studies, he confirmed the reported glycogen deple- 
tion with age and its later stabilization at adult levels. 
ine Sconsastenuly high level of glycogen at burth 
observed by Mersmann and Houk (1971) and Mersmann (1971) 
were confirmed by Mersmann et al (1972). They obtained 
levels of approximately 210 mg/g wet weight in newborn pigs 
with the lowest concentration of liver glycogen appearing 
in piglets killed at 2 days of age. In an effort to deter- 
mine changes occurring between birth and 2 days of age, 
Diglets were, Sacrificed at 0, 6, 12; 24 and 48 hr of oe 
The observed liver glycogen levels were 252, 158, 114, 96, 
85 mg/g wet weight respectively. They concluded that liver 
glycogen decreased rapidiy during the first 6 hr post- 
partum and continued to decrease more slowly thereafter. 
Padalikova et al (1971) have studied the glycogen deposition 
Pateern duging the Last third of antrauternine 11 fe. 7 At Day 
114 of gestation, they reported a fetal liver glycogen 
content of 109 mg/g wet weight. In further studies 
(Padalikova et al 1972), they determined the glycogen content 
iye4edifterent liver lobes andi concluded that’ the average 
glycogen concentration was the same in all the 4 lobes from 
Day 74 to Day 114 of gestation. Stanton and Mueller (1978p) 


have determined the metabolic responses to cold in piglets 
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of various ages. The liver glycogen level in 3-hr old con- 
trol piglets was 144 mg/g wet weight. This value is similar 
EOGthatrreported byeMersmann eteal (1972) for 6—hrvold pig- 
leteliver®and) tends togsupportethein claim that’ theetirst G6 
hes} post-partum abe quite crucial with regard to glycogen 
Geolevientrnegtheelivers Ain thea24-nrsoldapiglet,stherliver 
glycogen concentration was 32 mg/g wet weight. Mersmann 
(1974) summarized the metabolic patterns in neonatal swine 
and indicated that in the newborn pig the liver glycogen 
may be as great as 200 mg/g wet weight and was at a minimal 
Levelel2 tosis hs post-partum. (He related the high glycogen 
level at birth to the high activity of glycogen synthetase 
in the liver. 

Normal energy intake in the last 5 days of gestation 
has been compared to a low energy intake with respect to 
its effects on liver glycogen concentration at birth 
(Seerley et al, 1974). Liver glycogen levels of 217 
mg/g and 202 mg/g were recorded when corn starch and corn 
Oil respectively were used in the rations. Seerley and 
Poole (1974) commented on the lack of sufficient data with 
regard to carcass composition of baby pigs at birth and the 
changes that occur in the potential energy sources available 
to the piglet. They determined the carcass glycogen level in 
newborn pigs and obtained a level of 37.8 mg/g wet weight. 
They, however, did not determine the level in the liver per se. 
Using 3-hr old piglets which had suckled, Stanton anda 
Mueller (1974) observed a liver glycogen concentration of 


120 mg/g wet weight and noted a rapid decline in glycogen 
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levels when the piglets were fasted. It is of interest to 
note that in a study with 35-day-old fed pigs to determine 
diiterences in glycogen Level from 12 different sampling 
Sites of the same liver lobe, they reported that the glycogen 
content of the samples from one lobe varied from 67-155 mg/g 
wet weight in one liver and from 72-107 mg/g wet weight in 
another. It is not known if differences exist in the glyco- 
gen content of liver sampling sites of newborn pigs even 
though Padalikova et al (1972) have reported that there were 
no differences in glycogen levels of 4 liver lobes in pigs 
atebeays ll 4eOt gestation. Randaldmwand & ECcuyer .(197 6) have 
noted that at Day 112 of gestation, the liver glycogen level 
in the fetuses was 102.8 mg/g wet weight. They pointed out 
that studies relating to the time of deposition of the 
glycogen reserves are limited. 

Unpublished data from Iowa (Aherne, personal communi- 
cation) on the time of glycogen deposition showed that, at 
Day 113 of gestation, the fetal liver contained 140.9 mg/g 
wet weight of glycogen and this decreased to 23 mg/g wet weight 
3 days post-partum. Furthermore, Elliot and Lodge (personal 
communication) have observed that the liver glycogen level 
in newborn pigs is 143 mg/g wet weight with sows fed recomm- 
ended feed levels.  Siers et al (19/76a) in studies on the 
effects of late gestation feeding of Dichlorvos, observed a 
level of 99 mg/g wet weight and 100 mg/g wet weight for the 
2.5-hr-old piglets of control and Dichlorvos-fed sows respec- 
tively. These results do not agree with those reported by 


Anderson and Wahlstrom (1970) who have reported that Dichlorvos- 
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feeding of sows increases liver and muscle glycogen level 
of newborn pigs, but both values were similar to that re- 


ported by Widdowson and Crabb (1976). 


A 1l.b. Muscle 

According to Shelley's (1961) summary of the literature 
available up to that time, the concentration of glycogen in 
skeletal muscle in newborn pigs was 70 mg/g wet weight and 
she indicated that this level was at least twice the corres- 
ponding adult level. She further stated that it usually 
fell to or below the adult level within 1-3 days of birth. 
in 19606, .Curtissand his. co-workers (Curtis et al, 2966) 
determined the total carbohydrate content of 2 muscles, the 
Gluteus maximus (G. Max.) and the Longissimus dorsi, (L. 
dorsi) in newborn pigs. They reported levels of 80 mg/g and 
71.6 mg/g wet weight respectively and noted that, while the 
total carbohydrate content of G. Max. had decreased signi- 
Plcaentiy by Sie, post-partum, theeleve lun, thesother 
muscle had not changed. The probable reason was that the 
rate of glycogen reserve utilization in skeletal muscle was 
provpontLonda mutOutnewactiyity, of the, particular muselevand 
they recommended that the particular muscle sampled should 
be identified. Anderson and Wahlstrom (1970) collected 
semitendinosus (ST) muscles from piglets killed at birth and 
Amgen 2 19,624 moo, 46 and /2 hr. atter birtivsand weported 
values ranging from 85 mg/g at birth to about 26 mg/g wet 
weight, at 72uir ion age. The effect of late gestatian yenergy 


intake on muscle glycogen level at birth was also studied in 


1g 


this experiment; the “high” energy intake of approximately 
4.4 Mcal ME led to muscle glycogen concentrations of 90.2 
mg/g wet weight at birth. The addition of Dichlorvos to the 
sows' diet in late gestation did not have any effect on the 
glycogen content of the ST muscle at birth. Helub (197)) ,; 
White failing Lo specify the particular skeletal muscle 
Studied, reported that the glycogen content was 65 mg/g wet 
Welcght On the day Of birth; this had decreased to 15 mg/q at 
Day 230. He did observer that the period from birth to 7-10 
days of age was a period of dynamic changes in muscle gly- 
cogen levels. 

In unspecified skeletal muscles taken on Day 94, 104 
and Lia ciigestatron, Padalikova et al (19/71), reported gly— 
cogen values of 24, 61 and 84 mg/g wet weight respectively. 
In another experiment involving 138 fetuses from 13 sows, 
the glycogen content of the Quadriceps femoris (QF) was 
determined at Days 74, 84, 94, 104 and 114 of gestation, 
(Padalikova ef al, 1972). They found glycogen levels 
ranging from 14 mg/g for 74-day-old fetuses to 85 mg/g for 
114-day-old fetuses and considered the period from Day 94 to 
Dave l04)oL oestabion to ber a time Of Significant ancreases 
in glycogen level in the muscle studied. However, these 
myscle glycogen levels are not as high as those obtained by 
Mersmann et al (1972). Using unspecified skeletal muscles 
Gpsouglets ranging an age from 0 hrfto 6, 12,) 24 and 48 hx 
pieyertound glycogen levels Of 137.3; 86.3, 73.3, 62.4 and 
66.8 mg/g wet weight, respectively. There is thus quite a 


rapid decrease from birth to 6 hr as was found with liver 
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samples taken during the same experiment. In a subsequent 
study in the same laboratory, Stanton and Mueller (1973b), 
using the Biceps femoris (BF) muscle, studied muscle glycogen 
content etter cold exposure Of piglets aged 3 and: 24 hr. in 
mer J-r-old piglet, the initial glycogen content was 110 
mg/g, this was significantly reduced to about 90 mg/g after 
Zeieeadt aC. et the 24=hr-old piglet, the, levelswas again 
S1gngiacantiy wreduced trom /5 mg/g to 55 mg/g atter a simplar 
cold exposure. Perhaps the unidentified muscle used by Mersmann 
et al (1972) may have been the BF muscle since (1) Stanton 
and Mueller were involved in that study and (2) the difference 
between the 137.3 mg/g obtained at 0 hr and the 110 mg/g ob- 
tained at 3 hr in the latter study could be expected to be 
due to glycogen depletion. 

The information available up to 1974 on the metabolism 
of the glycogen store in skeletal muscle has been summarized 
by Mersmann (1974). He indicated that skeletal muscle levels 
may reach 120 mg/g wet weight and do not decrease as rapidly 
after birth as does liver glycogen. Seerley et al (1974) 
studied the effects of level and source of sow's energy intake 
in late gestation on tissue glycogen. These authors analyzed 
for the glycogen content of the ham muscles and the L.dorsi; 
and reported values of 125 and 147 mg/g respectively when corn 
Starch was the energy source whereas the corresponding values 
for the progeny of sows fed corn oil supplemented diets were 
121 and 150 mg/g. They thus confirmed the observation of Curtis 


et al (1966) that skeletal muscles can vary in glycogen content. 
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Stanton and Mueller (1974) have reported glycogen levels in 
Bromusclesor, 3=hessold voiglets of 85 mg/g wet weight. Randall 
and L'Ecuyer (1976) determined the deposition pattern in 
mus¢ie taken trom the lateral saspect of the thigh. They 
found sthat at Day J12.0f gestation, the ‘thigh muscle con- 
tained 69.6 mg/g wet weight of glycogen. Siers et al (1976a) 
have reported the glycogen content of the Triceps femoris 
Gin G@f..2.5-nr Sold pigs to be 8 mg/g wet welgnt... Late 
gestation Dichlorvos feeding of the sows did not have an 
ebuect rongmuscle glycogen level .ci the piglet. Finally, 
Elliot and Lodge (personal communication) have found skele- 
tal muscle glycogen levels of 102 mg/g wet weight in the 
progeny of sows adequately fed throughout gestation while 
Widdowson and Crabb (1976) have reported levels of 56.0 and 
61.6 mg/g wet weight for the gastrocnemius and QF muscles 
respectively. 

A 2 Glycogen Reserves of Piglets From Sows Exposed to 
Various Dietary Manipulations at Different Stages of 
Gestation 

There have been relatively few studies on the effects of 
dietary manipulations of the pregnant sow on the glycogen 
reserves of the liver and skeletal muscles of newborn pigs. 

Curtis et al (1965) determined the effects of late pre-=partum 

glucose loading of sows on piglet glycogen reserves. From 

Day 99 of gestation through parturition, all sows received 

M6 cdot ta siesalical DE/kq diet tperel00rkgebody swt etdally; 


treated sows additionally received 150 g. per 100 kg body 
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weight of glucose (incorporated into the feed). The glycogen 
concentration inigthe Wiver AG. dorsi: and “¢G. max. of \12epig= 
lets irom the: control sowsewere (121.2, 67. 5° and074.7 mg/g 

wet weight respectively while for the 9 piglets from the 
treated group of sows the corresponding values were 122.9, 
77.6 and 85.5 mg/g wet weight. There was no significant 
treatment effect. A year later the same group (Reedy et al, 
1966) again failed to observe a significant treatment effect 
even) Ghougm janreddzervonal 25-0.) of glucose was given for 
every 100 kg body weight in the experimental group. 

Anderson and Wahlstrom (1970) fed 52 primiparous sows 3 
dietary energy levels: 2.4, 3.4 and 4.4 Mcal ME per day from 
Day 104 of gestation until farrowing. They reported liver 
glycogen Jevels iof 110.9, 113.0, and’ 121.5 mg/g wet weight 
respectively in newborn pigs. The corresponding values for 
the isT muscle at birth were’ 83.3, 82.8 and 90.2 mg/g. wet 
weight. Seerley et al (1974) compared liver and muscle 
glycogen levels of newborn pigs from sows either kept to a 
"low" energy intake (A) or to a normal energy intake by 
Sdcdimomeonn stanchiw (EB) or corn o7 1 a(C)=tomthe basal duew ted 
to the group A sows. Treatments were initiated at Day 109 
Obugestation.. “ie iver, hamiand GL. dorsisglycogen devels 
Were ey ello sandiebasemng/g) form treatment A;o 217, a 2oRandi47 for 
treatment Bs. andeau2,, 121, and 250° mg/g for treatment Creo The 
Zenocmal energy groups, Brand, C, hadisignifticantly “P<.05), 
more glycogen per unit weight in the L. dorsi, than the A 


group... Both’ Beand Cc: groups had more glycogen in. the liver than 


22 


the A group but the differences were only significant in 

the icase of piglets from sows on the corn starch treatment. 
ihewortspring Of gilts fed’either 2.2, 07, 8.0 Mcal of dig— 
estible energy per day during gestation were studied for 
Javer glycogen changes at birth (Buitrago é€t al, 1974a) . 
They found a value of 23.6 mg/g for the high energy group 
ana this was Sigqniticantly different (P<o05) from the value 
of 3.3 mg/g in the low energy group. The unusually low glycogen 
levels observed could be attributed to the fact that some 
of the pigs were not slaughtered immediately at birth. Sows 
which were either fed 0.45 kg (low) or 2.27 kg (high) of an 
adequately balanced diet in late (Day 100) gestation (Elliot 
and Lodge, personal communication), had liver glycogen con- 
centrations at birth of 117 and 143 mg/g wet weight for the 
low and high group respectively. The corresponding levels 
in skeletal muscles were 90 and 102 mg/g wet weight. None 
of these differences were significant. 

This review (summarized in Table 1) has shown that the 

glycogen concentration in the liver of newborn pigs is 
consistently high at birth but decreases rapidly after 
birth. The liver levels reported are generally higher than 
the levels found in muscle and there is considerable varia- 
tion between different muscles. Differences in methodology 
could explain some of the differences in the values reported 
for Similar samples. Another factor could be the tendency 
of some researchers to describe piglets sampled at "first 


observation" as newborn pigs. There are relatively few 
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TABLE 1 


SUMMARY: GLYCOGEN LEVELS (mg/g wet weight) IN NEWBORN 
AND NEONATAL PIGS 


De LIVER 
Age 
Cone f{hours) Reference 
az 0-14 Wiepcien tial = Ibe 
80 rs 0 McCance & Widdowson, 1959b 
P2A10e9 0 theres (ae Cub, USA 
796 8 " 
148 0 Swiatek et al, 1968 
IAL AS 0 Anderson & Wahlstrom, 1970 
230 0 Mersmann & Houk, 1971 
50 48 “ 
1A 6 0 Mersmann, 1971 
U2 2 JeKoulgodey, SL) 7a 
210 0 Mersmann et al, 1972 
252 0 " 
158 6 U. 
114 12 u 
96 24 u 
85 48 1) 
144 3 Stanton & Mueller, 1973b 
BZ 24 sy 
P27] 0 Seerley et al, 1974 
120, 3 Stanton & Mueller, 1974 
99 ‘ 2 5) Siers et al, 1976a 
100.4 PD SS) Widdowson & Crabb, 1976 
143.0 0 Elliot & Lodge (pers. comm.) 
ISLA MUSCLE 
Type of Age 
Level Muscle_ fhours) Reference 
107. 0 McCance & Widdowson, 1959 
80 " G. max 0 Custis eu al, 1966 
W365 Wig schopatejat 0 
85 Semitendinosus (ST.) 0 Anderson & Wahlstrom, 1970 
26 Semitendinosus (ST.) 72 Us 
65 0 Holub, 1971 
JESS) 33 0 Mersmann et al, 1972 
86.3 6 . 
733 172 Me 
62.4 24 x 
66.8 48 4 
WOH. B. femoris (BF) 3 Stanton & Mueller, 1973b 
WS 24 ss 
IAS Ham 0 Seerley et al, 1974 
147 IB (6Konessat 0 
85 B. femoris (BF) 3 Stanton & Mueller, 1974 
81 : GU, atehivepestesy (Gra) e's Siers ‘et al, U97oa 
56.0, Gastrocnemius A 5) Widdowson & Crabb, 1976 
61.6 Quadriceps PERS) " 
102.0 0 Flliot & Lodge (pers. comm.) 


op 
Total carbohydrate was measured. 
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research reports on the effects of dietary manipulations of 
the feed intake of sows in late gestation on glycogen re- 
serves and these deal primarily with normal and below normal 
tevieis Of energy antake.. In view Of the difficulties in 
establishing an adequate microenvironment for the newborn 
pig, other dietary methods of increasing the body reserves 
OL eUie ligtetani cin shoulda be studied. 
B. LIPID RESERVES AND OTHER BODY COMPONENTS 

The S mMOstsVvarlable component of “the body is fac; 
by comparison, the composition of the fat-free body is rel- 
atively constant (Widdowson, 1950; Lohman, 1971). As early 
as 1945, Gortner (1945) studied the composition of the develop- 
ing fetus. He observed that the lipid content remained at 
sigghely over D25untLio the Last month of tetal lite, Ae which 
time it rose slightly to a value of 1.4% near term. Moisture 
content, however, declined throughout gestation and near term 
the moisture level was about 85.0%. Five years later, 
Widdowson (1950) in a comparative study of the chemical 
composition of newborn mammals, reported that the newborn pig 
GOneained wo), 11.3 and 84.1% fat, crude protein and moisture 
respectively. She also found that a small newborn pig had a 
lower concentration of protein and fat and a higher proportion 
of water than a heavier one. ‘Spray and Widdowson (1950) 
investigated some chemical aspects of the growth and develop- 
ment of pigs. The pigs used ranged in age from newborn to 
259 days; at birth the % water and fat in the carcass were 
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basis was about 11.0. McCance and Widdowson (1959b) reported 
Chabeat birththe, pigicarcase contained 61 22% water: and! 1.0% 


fat. They observed that while the % water did not change 


\ 


after a 24-hour fast, % fat had decreased to 0.79, indicating 
tiatevery little of thesfatvin “the body had been used. 
Pomeroy (1960) observed that near term the pig carcass con- 
tained 81.2 and 11.5% water and protein respectively. When 
he compared the smallest and the largest piglets, he found 
that the former had more water and less protein than the 
latter. This confirmed the findings of Widdowson (1950) 
referred to earlier. Manners and McCrea (1963) slaughtered 
Pige ate birth andiat: Days’ 2, 7,914 and 28) ci wage’ and studied 
the changes in their chemical compositions. At birth, the % 
WateL protein, @fatvand “ash on the basis ef empty body weight 
wene 6226,U12.07 1.2 and 4.2 respectively, the-correspending 
Values for as.2—-cday-old piglet were S023, 13.6, 2.3 and 3.3. 
They spolneed out thats fatwin the carcass at.2 days of “age 
was twice that recorded at birth and added that the figures 
for % water were only approximate since they were arrived at 
Byecubtraction of svalues for protein and “ash from that for 
fat-free body tissue. 

Brooks “et al. (1964) “using skinned and boned 
newborn pig carcasses obtained values of 78.3, 11.9, 
Waevandaie 0OCfores water, protein, “ether extract and Vash 
respectively. They also found that these carcasses contained 
68 mg/g (6.8%) carbohydrate or glycogen. In a second trial, 
using carcasses that had only been skinned, the values for 


water, protein, ether extract and ash were 1a Sy ey let 
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ane Ces Dect Ve ly ea cilomins tance, the level of 
carbohydrate was 73 mg/g (7.3%). In 6-day-old pigs, there 
Was Loum wate. J. ieuotnereextract ,. 14.22 protein, 3.54) ash 
and 16 mg/g (1.6%) carbohydrate. Using day-old pigs, Wood 
and Groves (1965) obtained values that were generally 

similar to those reported by Brooks et al (1964) with skinned 
and boned newborn carcasses. Curtis et al (1967) while 
studying the relationship between body weight and chemical 
composition of pigs at birth, analysed the carcasses of 72 
Daglets.. The waiter, ether extract, protein, and ash contents 
were 80.2, 0.6, 10.9 and 4.0% respectively. They explained 
that the minor differences between their values and those 
reported earlier could be due to differences in carcass 
preparation techniques, methods of chemical analyses or 
genotypes of the pigs used. ‘They concluded, based on corr- 
elations, that body weight was not positively associated with 
development maturity of pigs at birth as measured by the 
chemical composition of the whole body. It is interesting 

to note that they observed a range of 0.2 to 1.0% ether 
extract in the newborn pigs. 

Brooks and Davis (1969) have determined the changes in 
the chemical composition of the perinatal pig. Using 
Skinned carcasses from piglets killed at 3 hn after birth 
they recorded water, protein, ether extract, ash and glycogen 
COMmten ES Otwas 6. alo el SOs 2 eend Sie (5 amgig)a:s 
respectively. The corresponding values for a 2-day-old 
Pec lotewere 1085 ale a2, 4.4 and 2.2 (22) mo/g)jae. 


No explanations were given for the increase in 
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sewaceremn the 2-day ‘old “carcasses. ‘Curtis et al CLI6 9) 
while studying the effects of prolonged gestation on piglet 
thermostability and body composition, obtained values of 

(ot Water; elisGeaproceinm, UlASsether extract and 420% ash 

in the carcasses sot the offspring of “the control dams. “They 
did not observe any significant change or trend with prolonged 
Gea cacrVon. MHolub: (17) mMmentaioned that an the first 7 to’ 10 
days of life fat gradually becomes quantitatively the most 
Significant organic component of the piglet's body. He 
indicated that Jezkova (1966) had reported a value of 1.03 

fat in newborn pigs. He confirmed the frequently reported 
decrease in water content and increase in protein content of 
CoECasSes tduUmInGg tie wiirst / to 0 days of age. “Horm etal 
(1973) compared the lipid level of the carcasses of 6-hr 

old domestic and wild piglets. The determined figures were 
2.0 andes.0s LOG ethe domestic and wild piglets." In 54—-hr 

old piglets, the corresponding values were 4.0 and 4.3%. 
Friend (1974) determined the carcass composition of day-old 
PLole ts ane cob tained ii gures Ob e/S..6, 22.67, 14, 1329) and 

2 4aces 4s mg/g) te etor water, protein, fat, ash and nitrogen-free 
extract (NFE) respectively. He attributed the relatively 

low NFE value to be due in part to the delay after birth in 

kp pling thespiglhets. “While studying the effrectrs of prolonged 
fasting on carcass composition of neonatal pigs, Seerley and 
Poole (1974) noted that the newborn pig contained 80.5% water, 
Met sOLOte neo Ae ash, el. 7) total: lipid and 3276 487.8: mg/ 
g) % glycogen. At 3 days of age the corresponding values were 


(Ue elo eos onand 0.05 (O25 MG/G) etn another experi— 


28 


ment, seerley et al (19/4) noted that the offspring of dams 

fed adequate diets containing either corn starch (CS) or corn 

oil (CO) demonstrated significant (P<0.05) differences in 
there Carcass “lipro content at birth. "Whe CS group contained 

SUS Water, 2.08 ltpid,. '2.2% protern and 3.6%°ash. The 

COkres ponding figures £01 the’ CO group were 61.3, 2.4, 12.4 

anes. 5, BOeLeSch et al, (1976) using simrlar treatments 

ODSeEVed "that carcass Water, protein, ash and total lipids 

Weve NOU. Signi tcantly aatected by Such dietary treauments. 

They further stated that while % moisture decreased, % protein 

and total lipids Had increased signriicantly (P<0205) by 3 

days of age. Pownall and Dalton (1976) have reported calcul- 

acvea values on 0307) 2.4, 4.2 and S24¢erar an newborn, l2-- 24-— 

and 48-hr-old piglets respectively. Carcass body water de- 

creased trom o1./s atu. birth to 70.9% at 30 days of age. 

B 1 Lipid Reserves and Other Body Components of Piglets From 
Sows Exposed to Various Dietary Manipulations at Various 
Stages of Gestation 
There is a dearth of information on the effects of 

dietary manipulations of sows on the carcass characteristics 

Of Eheir Ofispring at birth. “Anderson “and Wahilstrom, (1970) 

heported liver water levels of 724/, 73.3 and 73.0% tor 

piglets from sows f6d 2.4, 3.4 and 4.0 Mcal ME respectively 
per day from Day 104 of gestation until farrowing. The 

corresponding levels of liver fat were 0.96, 1.12 and 0.92%. 

They also found that liver moisture increased from birth 


(73732) to le te ofmage (78.42) “and ‘then decreased isteadrily 
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Erome toto 72 nr “Of age... A Similar signiticant® pattern oF 
change occurred in liver fat levels. Buitrago et al (1974a) 
analysed ther. dorsi, or piglets from (sows fed either 272° (ih) 
Or é. Meal (H) DE during gestation. “The 3 protein, 
ether extract, ash and moisture for the L=Group. were V2.6 7, 
6.9, 1.1 and 79.3. The corresponding values for the H-group 
Webbe eg) Wed) 197 eld... SON ly the tether erxctreot 
Values were Significantly (P<0.05) different between treat-— 
ments, indicating that a low energy intake would lead to a 
FecuetLon, Miepiglec carcass fat atebiren. A Similar trend 
was observed in the proximate composition of gastrocnemius 
muscles of the 2 groups; here, however, the differences in the 
Senen extract Levels were not Slgonibicant (P<0 505). “Seerley 
et al (1974) determined the proximate composition of newborn 
pigs from sows on 3 different treatments. The carcasses of 
the piglets from sows on a low energy (LE) regimen from Day 
INIeOrecestatwon contaimed 80.9, 2.0, I2s7 and 3.5% molsture, 
total lipids, crude protein and ash respectively. In the 
other 2 treatments, normal energy intake was obtained by 
Beccing eLcier Corn Starch (CS) 7oOr Corn, o11) (CO), and sine 
respective % proximate compositions were 81.0 moisture, 2.0 
Coralie lde, i212 cuude, pLOrein and, 3.0 ‘asi! tom Che Us group. 
In the CO group, the % values were 81.3 moisture, 2.4 total 
ioras, 2.4 crude orotein and Gwovash., Again only the total 
Piola bevels were =siuniricantily (P<0.05) different between 
the CS and CO pigs. In the same “study, per cent ‘total Tapids 


ineche Waveresampies were 3.6, 3.1 and 3.7 "for the Gb, Cs 
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andp COs bpigsiand in. muscles, ithe figures, were 2.6, 2.4. and 
2.4 respectively. These differences were not significant 
(PO Ole. 

While there is sufficient data on the proximate compo- 
sition of the newborn and neonatal pigs, there appears to be 
a dearth in the amount of information available on the effects 
of high feed intakes in late gestation on the composition 
of the newborn litter. Any increase in the lipid content of 
newborn pigs would be quite desirable since, apart from its 
insulation properties, the piglet is; capable of utilising 
fat for metabolic purposes. It has been shown that the lipid 
content of the pig at birth can be influenced to some extent 
by level of nutrition (Seerley et al, 1974). The effects of 
various energy sources and intakes by sows in late gestation 
on the carcass composition of their piglets will be examined 
in this thesis. 

C. Carcass Fatty Acids in Newborn and Neonatal Pigs and the 
Effects of Dietary Manipulations. 

The review of the literature thus far has shown that 
pigs are born with a large glycogen content in the liver and 
skeletal muscle but with very low fat in both the carcass and 
thevliver. In the neonatal period, changes occur leading to 
a dow glycogen content and a high fat content in both carcass 
ance daver..» Brooks end Davis (1969) have, reported the changes 
in fatty acid patterns from Day 98 of gestation to Day 6 post- 
partum Using Sonn old, pigs they found, thevlevels of imyris- 
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(Cle) )y -Oleic (CUst1 )mandelinolerce (Cl8:2) Sacidsy as’ a per 
Core VOLrENGse: MayOreactde nto be -4'si5 50567) 1179-1372) 5 3505 
and 6.8 respectively. They noted that the concentration of 
Cre 2 inereased “from 6-8 te 1329% between 8S and 48 hr atter 
bartiw Palmitic: acid tnereased from 3076 to 33.34 in the 
same time period while there was a decrease in the levels of 
Clac07 *Clorl and Clea sesOnly the differences in Clorl, Cis:0 
and C18:2 were significant (P<0.05), however. A similar 
pattern of change occurred in liver samples with the exception 
Of FCle 08 which mcoreased tromi5.7 to 21702 between 3 “and 48 
hreaiter birth. Friend (1974) fed 22 sows a basal diet with 
G1tnerel0s corn orl (CO) sor 10%-corn starch (CS) added for 

5 days before farrowing. On analysing the carcasses of day- 
old pigs from these treatments, he found that the inclusion 
OL {COP Or! hads=resul ted an atsignriicantly -(P-0. O01) shagher 
Propeee lon On cle. 2 in "Lhe COl fed pigs. sihe=detarledm\s) 
analysis for the CS and CO groups respectively were C14:0=4.3, 
Bo moO =29 eee os Clo I —ULit 9. 27 Cls 30-8627) 7.0; 

Cis lo 4a 2 ancacle:2=14.23, 2072.5 The d1irerences in 
ENE OEODOrET ONS: OFC! 6-05 9(P<0.05), Clos) and CleeZ  (P-0.07) 
Weremsclgnirricanta | Im studies on the effects of prolonged 
fasting on carcass composition, Seerley and Poole (1974) have 
observed that in the newborn carcass, the levels of Cl14:0, 
Ghos0ewelGil]) Clonu, eelLerl, Close, Class and C2034 were 3.4, 
Cones. G WS.6 ee200, 5.6, 025 and roe "respectively. — ihe 
corresponding Values for a 3—-day-old fed pig were 2.0, 23.7, 


Geo ro, Mote eels 0, 0.6 and 2.8 3. The Inerease or decrease 
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ile coe Proportions om CratOeecl esl: Cle sO0uCl ee? andse20= 4 

from birth! t0\3: days of age were significant (P<0.05). othe 
per cent. fatty acid composition of skeletal muscle and liver 
samples of newborn pigs from sows fed either low energy (LE) 
On NOrmals energy intake using corn starch (CS) .or corn o1! 
(CO) in late gestation has been determined by Seerley et al 
(hora ee lincie Livwgroupye tha sper Cent or C140 (C1604 C1621, 
ChenOjac Lely CL3 27 Clae 32and: C2024. 4an muscle weres 2.5, 2oed; 
HORA Ley 09, wos dy Othe, wand. 443° respectively @ s1nescorr— 
esponding figures or the CS and CO groups were 3.4, 3.179299. 
Doe Obes we os Uire 1, ay All J 9GeRS OSGi, SOs li 5. Sipe On chat 0ed pee 
and 4.6, 4.3. Based on the figures for both liver and muscle 
samples at birth, they concluded that the CO piglets had sig- 
ievecantl y= (P0205) emore Cl8s2 ‘than the We and. €s groups 

and attributed this to the fact that corn oil has high levels 
of C18:2. In another experiment uSing Similar treatments and 
feeding period, Bertsch et al (1976) have reported no signi- 
fiGanliecit -erencey ine thes proportuLon, on C1420, ClL6< 0,2 Cle30 
Cioeeeand C20: 0ein che pig. \S «Carcass at.birtn. 

The purpose of this literature review was to describe the 
fatty wacad pattern ofthe pig at. birth, theschanges “they under- 
go durang the neonatal period and,to determine if the pattern 
can be changed by dietary means. That such a change is poss- 
ible has been shown by the studies of Friend (1974) and 
Secriey et aly (1974)4) Both groups used)corn,oil) which is 
high in C18:2 and reported higher Cl18:2 levels in the carcasses 


of the progeny. However there is evidence (Miller et al, 
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ila, Seerley & Poole, 1974) that the’ rate of utilization 

Or Cle:2 is not as high’ as "for other tatty “acids. “Wit was 

thus considered desirable to determine if other fatty acids 

would respond to higher levels of feeding than those imposed 

by either Friend (1974) ocr Seerley et al (1974). 

C l Fatty Acid Composition of the Blood Serum of Newborn Pigs 
From the previous review of the literature it was 

evident that the newborn pig has only a small amount of total 

body lipid and this could preclude lipid stores as a major 

metabolic fuel. Crreulating £ree fatty acid levels in the 

newborn pig are low (100 uEq./100 ml) and increase slightly 

during starvation (Mersmann 1974). The free fatty acid 

levels increase greatly within a few hours after birth,most 

probably because of the dietary intake of lipid from hactee 

Very few studies have been undertaken to determine the fatty 

acid composition of serum from newborn pigs and the changes 

that occur during the neonatal period. Hill (1965) determined 

the serum fatty acid composition of growing miniature swine; 

while he did not report any data for newborn pigs, he suggested 

thausits Unpublished data On Such animals were in close agree— 

ment with the serum fatty acid levels found in growing pigs. 

Leat (1966) reported that newborn pig's plasma contained 2.1% 

Cet O) Oo er Orme Go: Ur, LO, oevOreGLOt la tl Osmo O60 ,aeO.7 s 

Sec lert 25. > eeormcle: 2, a tLace Of Ci0:3, 1.12. o0- C20 "sand 

G32 on €20:4,) "Seerley and Poole (19974) studied the sttects 

of prolonged fasting on the blood fatty acids of neonatal swine 


and plotted the changes in blood fatty acid pattern from birth 
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LO 3 days of age: “‘Theirivalues for serum content of C14:0 
ChoUre CLO, ClOcU,;sGkosr, CLOTS and C20+4 Wereriwey, 2200, 
Beye Us Uy 26.0, ono yee ana O.9;7 these being reported as 
ase Ol methyl esters... They noticed that by 6 hr of age 

the fatty acid pattern had started to change with decreases 
GccuUrring an the Jevels oc Cl4:0, Clé 21, Cl6:0 and. C20-4. 
Except for C18:0 this trend continued throughout the neonatal 
Penrod Upto 3 days Ob sage. LE 15 worth noting that the 
values reported by Leat (1966) for newborn pigs are quite 
comparable of those of Seerley and Poole (1974). Seerley 
Stel I7 >) have observed thatea 4-hr cola (8"C) “stress 

in -24-ne-old pigs led to a decrease in serum Cl3:1 and C1i8:2; 
they suggested that these had been used for energy metabolism. 
In another report, Bertsch et al (1976) have frareered that 
serum of pigs from sows fed corn oil in late gestation had 
moze Cise2 (P<0 01) bubesroniriivcantly Less Cho;v7 ClGsl and 
Cle than a proup woiose dams had a corn starch dict. How 
ever, whether this result was from newborn pigs or from 
neonates was not made explicit in this report. 

In conclusion, it would seem from the literature re- 
viewed that there are very limited data on the free fatty acid 
composition of the serum or plasma of newborn pigs. It 
Cannot be assumed that it is similar to that in young or old 
pigs since Seerley and Poole (1974) have observed changes. 
Moreover, Yiu et al (1976) have noticed that age had a sig- 
nificant effect on the free fatty acid level and pattern in 


plasma. 
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Iff. SOME SERUM BIOCHEMICAL PARAMETERS IN NEWBORN PIGLETS 
AND SOWS - NORMAL VALUES AND CHANGES CAUSED BY DIET 
IfI.l Newborn and Neonatal Pigs 
iii lols Glucose ss Cholesterol, Total Protein, and Urea 
Nitrogen 

In this and subsequent reviews of blood parameters, 
values will be reported in mg/100 ml of blood serum or 
plastia wexcept for total protein which will) be inj g/100) ml. 

Glucose levels in newborn pig blood and levels occurr- 
ing in hypoglycemic situations have been described by Morrill 
(1952a). He reported a level of 102.6 mg/100 ml in newborn 
pig bleod, withea blood urea nitrogen, level of 22-23 ma/100 ml. 
After a period of suckling he observed values of 114.2 for 
Glucose rand: 3028 Lorpurea natrogen. sft as worth notang that 
his so-called newborn pigs were 1-15 hr old while the suckled 
pigs were 15 to 150 hr old. Goodwin (1957) obtained a value 
of 62 mg/100 ml for plasma glucose in newborn pigs and not- 
LCS ehnaAtwe ber oOse stoma. peak Of 112 mo/100 smi by > nro age, 
The amount of serum urea in newborn pigs was also determined 
by McCance and Widdowson (1959b) who reported a figure of 
22.7 mg/100 ml. In another study the same year, these 
authors (McCance and Widdowson 1959a) reported a serum total 
pEeOtcinelevel of 2-249/100 ml in mewbornm pigs." his increased 
tOmeanly > ¢/200tmiein 24=hr old fed pigs. Comparable: values 
have been reported by Miller et al (1961) and RamirezZ.et al 
i965) 7 

Reedy et al (1966) have commented that the feeding of 


glucose to gilts during late gestation did not lead to any 


Significant differences in neonatal blood glucose levels for 
Lie etreated and contrelegqroup. | In another study, Curtis et 
al (12966) reported glucose concentrations of 89 mg at barth 
ang this rose to 142.2 1mg/100 ml, whole blood by «8 hr of age. 
Swiatek et al (1968) have studied starvation induced hypo- 
giyCcemia in mewborn pigs... .-Iney noticed that, from a level of 
a2, Mg at binth;, blood glucose rose to 7/5 mg at Guihr ef age. 
Ahermme er all (1969 a). found a glucose level ci 110 mg/100 ml 
in the blood of 3-day-old piglets and in a later study 
(ANerne et al 7.19695) teported, that, at. bissth, the. blood ‘con— 
tained 82 mg glucose/100 ml of plasma. There was a signifi- 
Cant linear anerease fo 102 mgvat L2hr of ‘age and at 48 hr 
of age it had decreased 89 mg/100 ml. Bengtsson et al (1969) 
have also determined blood glucose patterns in the neonatal 
DiG. Ate OLGcuhys Chey reported a plasma, cqlucose Level of 491.9 
mgq/ 100 mi> jthis| amcereased to 91.5, and 99.6 mg between 2-6 and 
8-12 hr of age, respectively. Subsequently it decreased to 87.3 
by 48 hr of age. Anderson and Wahlstrom (1970) have measured 
thes total Treducing—-sugar Vevel from barth Wtor 72 hreor age rand, 
Obtained valueseranging, from 120 mg/1L00 mL at birth torlly mg 
atec4nhr and, 122 mq at. 49 hr ofeage. | Im? thessame, study, ‘quilts 
fed 2.4, 3.4, 4.4 Mcal ME per day from Day 104 until farrowing 
had piglets with blood sugar levels of 122.0, 122.0 and 116.0 
mg/100 ml respectively. 

A low plasma glucose level of 40 mg/100 ml has been re- 
ported by Gentz et al (1970), who also noticed a significant 


(P<0.00l)sancrease between bixth and 6 hr) of,age.  ~dinsan lowa 
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study, (Pettigrew etial, 1972) plasma iglucose-more= than 
doubled (52.8 10, 145.7emg/L00 ml) from birth to 2 hesof age; 
Geclianedssharply -fromegn to Shr (145 a7 bios) 345 prands then 
decreased more slowly, £6-85.5 mg/100 mlwat 32 hr-of age. 
The possible effects of late gestation feeding of corn oil 
to sows on the blood glucose level of the newborn progeny 
has been described by Seerley et al (1972). They observed 
that Such piglets contained significantly (P<0.05) higher 
blood glucose than a control group and another treatment 
group receiving half the normal energy intake. 

Mersmann et al (1972) measured blood serum glucose (mg/ 
IOs eand=totalh protein, (g/100 ml) at burt andeat 6, 22,724 
and 43 hr of-age. They found glucese levels of 37, 115.5, 
103.5, 97 and 127 respectively and the corresponding figures 
POBILOud UrOtein «wetter 2.0, 4.079550, 6402 and -4.0.g/100 mi. 
In a very detailed study of serum biochemical and hematological 
parameters from birth to 8 weeks of age, Tumbleson and Kalish 
(1972) ceported glucose, cholesterol and urea nitrogen =vakues 
Gt elle a0 ee OA. oe lO. og / 00... s lotal sproteinewasu2.956G/, 
WO0emila, By essnG (atten angestion of colostrum) ob age, ~there 
was tai increase im the concentrations of glucose, total pro- 
tein, blood urea nitrogen, while cholesterol did not change 
appreciably until, 24 thr of age., In “another study, using 
miniature swine, the effects of low protein (0.4%) and normal 
protein (16.0%) intake by pregnant sows on the blood con- 
stituents of their progeny were determined. Serum glucose, 


cholesterol, urea nitrogen and total protein of 8-hr-old 
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Piglets were L000; 104.07 elo. 0. (mg/100 mip sand: 4097 9/100 m1. 
ror; the low protein group and were 141/124) 44256 “and "6.6 “for 
the normal protein group.” However, only “the differences in 
urea nitrogen were significant (Tumbleson and Hutcheson 1972). 
In a series of experiments, Stanton et al (1973) and Stanton 
and Mueller (1973a,b; 1974) reported plasma glucose levels 

of 44 mg/100 ml and 70-95 mg/100 ml in newborn and 3-hr-old 
pigs. Some blood constituents at birth of offspring of mal- 
nourished gilts have been studied by Atinmo et al (1974b). 

the total plasma protein level “of pigs from the ‘contro! 

sows were 5.2 g/100 ml whereas the values for pigs from sows 
restricted in either energy or protein were 4.0 and 4.7 g/ 

LOD mL respectively. Buitrago et al (19744) studied energy 
level per se and observed that the progeny of gilts fed 2.2 
Mcal DE per day throughout gestation had blood glucose, chol- 
esterol and serum protein levels of 100.9, 96.9 mg/100 ml and 
4.6 g/100 ml respectively at birth, while sows fed 8.0 Mcal 
DE/day had corresponding values of 109.6, 85.5 mg/100 ml and 
5.6 g/100 ml. Only the serum protein levels were significantly 
(P<0.01) different. Serum glucose levels of between 78 and 85 
mg/100 ml have been reported by Friend (1974) in day-old pigs, 
the lower and higher values being attributable to the feeding 
Of 102 corn oll and corn starch respectively. Seerley and Poole 
(1974) have observed serum glucose values of 63 mg/100 ml at 
Dire jipl0 Ss. > ate eenr, 100.5 at 24 hr and 94.0 at 46 Nr ot Wage. 
However, in a study of energy restriction Seerley ¢t ad 


(1974) reported a level of 45.7 mg/100 ml for the progeny of the 
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thesrestricted ‘qroup -whitesthose ot the control sows contained 
4354 vende5522\img/l00 ML, gehe Latter valuesbeing) for) pigsefrom 
SeOwSubedscOmm Oil Minethelys cations. [It is of interest that 
Friend (1974) using comparable treatments obtained the opp- 
osite results. Kernkamp (1976) has summarised most of the 
data available on blood components and has reported values 
ob 9220"mg/ LOO.ml foriglucose and 3.5 ¢/100«misfornrtotal 
protein in neonatal pigs. Malm et al (1976) have reported 
Sserunechotesterols levelseranging £rom 53 £0 7/7 mg/20G ml. at 
Duwtl.~siolers Gtral’ (19 /76a,b), obtained values of 31.3 and) 33.9 
mg/100 ml glucose in newborn pigs, while Tumbleson and 
Hutcheson (1976) determined serum cholesterol levels ranging 
PLOMBO2 Fal DLL th eto. 9) mg/100 mieat ivday or agesand 
CoOpaleerotcan elevels -oL2.92 gat bDisthieising tors .53. 97/100 
miceateheday of sage. 

iM a2) aCe LGuAGTd BCLA) p= Calcium Cay), ehoesprens —(P)7 

Bilirubin. (8B) .and Uric Acid (UA) 

ACcoraingeto Morr I (boovaietherCa wand IP elovels@imiesenum 
and the UA level in the blood of pigs less than 15-hr old 
Were mlO eo 20) atewond wise demg/, 00 imi respectivety. eeln aco 6- 
day-old pigs, the corresponding levels were 12.0; 7.4 and 0.8 
moZl0G mn i (Morrie) elo 520) 9sGardimercwet ale (1953)imobserved Ca 
Vevedouot 10.5 eng/LO00euml in wday-old pigs: Blood lévelis tof LA in 
newborn pigs increased from 32 at birth to 52 mg (P<0.01) 
qbei.sene spost—-partum according to tCurtis tral (1966) 9 They 
attributed this change to an increasing rate of glycolytic 


metabolism during this period. In an earlier experiment, 
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Reedy et al (1966) had observed that oral glucose adminis- 
tration to sows late in gestation had no significant effect 
on the LA level of newborn pigs. Randall and Penny (1968) 
confirmed the values of Curtis et al (1966) when they reported 
that eet es plasma LA concentrations of 74 newborn pigs was 
2450amg/7l00 mi while Stillborn pigs had blood levels of 159.3 
mg/100 ml. They concluded that anoxia during parturition was 
OLoMal Or Importance in stillbirths. -AvLA value of 79.1 mg/ 
100 ml was recorded by Pettigrew et al (1971) in newborn pigs. 
They also mentioned that while no attempt was made to record 
birth order there was a trend towards greater plasma lactate 
levels in pigs born later in the litter. The changes in the 
concentrations of Ca, P and B from birth to 8 weeks of age 
have been described by Tumbleson and Kalish (1972). At birth, 
Ehevyeooutained, levels fon Vil.8 mg Ca, 5.5 mg P and 0225 mg B7 
LOOsmis Serums sca increased scigniticantly 9(P<0: 01) from 

24 hr to 3 days of age while B increased significantly 
(POO) atromebiacthimto, 2auni Of ages (0.12 sto ly Oomg7.100 ml), 

In a comparison of the progeny of protein malnourished (M) 

and protein adequate (C) miniature sows, Tumbleson and 
Hutcheson (1972) recorded serum Ca and P levels of 10.6 and 
6.4 mg/100 ml for the M-progeny and 10.7 and 7.5 mg/100 ml 
for the C-group. These differences were not significant. 
Kernkamp's (1976) summary data shows a range of 10-14 and 
Seven / 100, Miekoraca, and .P respectively in neonatal. pigs, 
with corresponding means of 11.8 and 16.9; the latter is the 


highest mean value on record for neonatal pigs. Acc- 
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ording to Stanton et al (1973), piglets with the highest LA 
levels showed a more rapid decline in rectal temperature than 
those with low levels. They suggested that LA levels of 46 
mg/100 ml can be expected in newborn pigs. In a subsequent 
Study, Stanton and Mueller (1973a) reported LA values of 20 
mg/LO0smi (in 3—-hr- old pigs, “In 2 experiments, ‘Siers “et tal 

ie (oa, Dy eepanted —LUAY levels: of 326 9land 43.5 mg/ 100 me in 
newborn pigs. They also showed a decline in LA level from birth 
to 3-hr OLvage which Is “contrary to what has been 

reported in the data of Curtis et al (1966). 

Of the blood parameters discussed, 2 appear to demand 
comment. Total protein is low at birth but increases within 
a few hours. This increase has been attributed to the intake 
of colostrum or,more specifically, the gamma-globulin portion 
of the colostrum. Glucose levels in newborn pigs appear to 
be quite variable; the literature reviewed indicates a 
rangesct, 345 to; '20 mg/100 mi. [tiis*not certain why the 
differences are so wide but they could be due to (1) the 
methods of analysis employed; (2) the type of sample {fi.e. 
blood or plasma or serum (McDonald et al, 1964) )3) (3) the 
time the sample was taken (i.e. age of pig sampled); (4) 
state of nutrition and environment of the sow and piglet and 
(5) sample collection and preparation; e.g. hemolysis during 
blood collection has been known to influence some blood para- 
meters. Time interval between blood collection and separation 
of serum may under some circumstances influence the observed 


glucose level on analysis. 
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ffis2 Prégnant GiltsPand» sows 
iii.2.1 Glucose, Cholesterol, Total Protein and Urea 
Nitrogen 

there seems to be a dearth of information on blood bio- 
chemical parameters in pregnant sows. In this section, the 
data available will be presented and, whenever necessary, 
values determined for mature pigs and miniature pigs will be 
added. Miller et al (1961) have studied swine hematology 
irom birth tO maturity. They reported total serum protein 
fevens fanding wanom J1> to. 80,47 L00 min pregnant grits, and 
sows. In 5=month-old pigs, they recorded a value of 6.9 g/ 
100 ml indicating that there is probably an age effect. 
Tegeris et al (1965) have indicated that blood glucose and 
urea nitrogen levels in young miniature swine were 103.0 and 
13 mg/100 ml respectively. Tnese are comparable to the 
values of 94.0 and 14.6 reported by Tumbleson et al (1970) 
for pregnant miniature swine. In that same study, a chol- 
esterol level of 116.7 mg/100 ml and a total protein level 
Of 8.7 g/100 mi serum were reported. Ruiz et al (1971) have 
compared the serum metabolites of pregnant and hysterectomized 
gilts fed two levels of energy. They found glucose, choles- 
terol sand urea nitrogen Levels of about 65, 90) and: 10 mg/100 
ml respectively throughout pregnancy. However, while glucose 
increased to 100 mg/100 ml in the last’ two: weeks sof»gestation, 
both cholesterol and urea nitrogen tended to decrease. 
Tumbleson et al (1970) observed a similar pattern for 


cholesterol and urea nitrogen. 
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Nachreiner and Ginther (1972a,b) have determined some 
serum parameters at Day 30, 60 and 90 of gestation and have 
reported glucose, cholesterol, urea nitrogen and total protein 
wevelspol 8944/6 .seandel 2.3 5mg/1000misandas:..2 19/100 mi res— 
pectively at Day 90sefsgestation.:  iInsthecperiparturient period, 
the corresponding values were 84.8, 78.6 and 16.1 mg/100 ml 
and 7.7 g/100 ml between Day 110 and Day 112 of gestation 
(Nachreiner and Ginther, 1972c,d). 

Diurnal changes were studied by Tumbleson et al (1972a) 
using ll-month-old miniature swine. They observed levels of 
36 6= (0 sng, L00sml slLoneglucose, 630-702 >5emg/ 100 ml for chol— 
esterol, ee.6-9.38 19/100 ml-for total protein and 12.0-13.3 mg/L00 
INmbelOn Ureatnicrogen.. ‘They concluded “that vthe time of day 
during which blood samples were collected from miniature swine 
had only a small influence on interpretation of experimental 
data. In two subsequent reports, Tumbleson et al (1972b,c) 
reported serum protein and urea nitrogen levels of 8.5 g/100 ml 
and 20.8 mg/100 ml for 10-month-old miniature swine. Atinmo 
et al (1974a) mentioned the lack of information on the blood 
constituents of pregnant gilts and commented on how they may 
be affected by nutritional manipulations or physiological 
Status. They ftoundvglucose levels in ascontrol group of gilts 
vanging strom 142 to 210 mg/100 “mi siromgeamiy aco date cgestation. 
Urea nitrogen and protein values for the same period ranged 
imom > foto. 40smogpands/ ab to: 7 254g/ L00r mi respectively. Values 
for energy and protein restricted gilts were generally lower. 


Blood samples obtained from sows immediately after farrowing 
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contained between 46.3 and 47.7 mg/100 ml glucose (Seerley 

et al, 1974). Kernkamp's (1976) summarized data shows glu- 
cose and total protein levels of 95.0 mg and 7.8 g/100 ml for 
pigs more than 6 months of age; and Malm et al (1976) have 
observed serum cholesterol levels of 61 to 93 mg/100 ml in 
pregnant gilts. Tumbleson and Hutcheson (1976) have found 
that, in minature swine, serum cholesterol levels can decrease 
from 182 to 50 mg/100 ml; with younger animals and females 
having the higher values at any specified age from 1 to 36 

TOPE EILS 

Piece Ca,er = eb. ana Ui euActa (UA) 

Ullrey etal (1967) observed a level of 1026 mg Ca/100 mi 
and 7.1 mg P/100 ml serum in 5-month-old swine. Comparable 
results were reported by Tumbleson et al (1970), viz. ll.2 mg 
Ca/100 ml and 7.0 mg P/100 ml in pregnant miniature swine. 
Gestation levels of Ca, P and B in the serum of normal sows 
have been determined by Nachreiner and Ginther (1972a,b,c and 
ay. *Caicium, P, and B levels at Day 90 of gestation were 
Soop .9 and 0.34 mog/100 mi respectively (Nachreiner and 
Gimtners1072a,b).5 inthe periparturzent peErod,, the -corres— 
ponding values were 9.3, 5.8 and 0.45 mg/100 ml. in another 
Miniature swine study, diurnal Variations of 10.5 te 10.6 mg/ 
POO ror Cayo.) to 6.9 mo/100 ml, for 2 and) 0.40 5to10.50 
mg/100 ml for B were observed (Tumbleson et al, 1972a). How- 
ever, in a subsequent paper, they reported slightly higher 
values of 11.8 mg Ca/100 ml and 8.0 mg P/100 ml with 41-month- 


old miniature swine (Tumbleson et al 1972c). Kernkamp (1976) 
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has= recorded Ca and Pe ylevets or.10.9 and 7.0°mo/100 a1 
respectively in pigs more than 6 months old, while Tumbleson 
and Hutcheson (1976) have observed Ca levels of between 12.3 
and 10.0 mg/100 ml for miniature swine ranging in age from 
INntenSG, months respectively. Corresponding values for ? 
were 10.0 and 5.3 mg/100 ml. 

Generally, the literature reviewed has shown that most 
of the parameters studied did not change very much in gest- 
ation with the possible exception of the late gestation 
period. In fact, these values are in some instances similar 
to those reported for growing pigs by Bowland (1975) and 


Sarwar and Bowland (1976). 
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IV GROSS COMPOSITION OF SOW'S COLOSTRUM AND THE INFLUENCE 
OF DIETARY MANIPULATIONS ON THE FAT CONTENT AND FATTY 
ACID PATTERN OF COLOSTRUM 

Hughes and Hart (1935) reviewed the previous literature 
and reported the calculated means for several constitutents of 

COlosrer ui Lobe 26.42 total, solids, 6.4% tat, 16.2%) protein, 

2.93 lactose and 0.8% ash. ‘They defined colostrum as the 

milk produced by the sow during the first 60 hr post-partum 

but, on analyzing their samples, they obtained total solids, 
fot, DLOLei ny, sand asayvalues of 31.9 5.1) 26.0 and O0.bs) Lre= 

Spectively Lorescolostrum Obtained during parturition. Their 

combined means at partum and post-partum colostrum were 

Similar, for some components, to those obtained by Braude et 

al (1947). Bowland et al (1949a) updated the literature 

available and reported that pigs kept in a dry lot had more 

fat (14.0%) in the colostrum than those on pasture (10.03%) 

Olipthe: chard. eday “Of dactation:. However, there 

was very little difference in the fat content of 

Eom 2eoroups mauUCIngG the mirset dayeon mlactatiOn slo 

subsequent paper, (Bowland et al, 1949b), the composition 

of the colostrum obtained during parturition was given as 

22-83 solids, 15.9% sobids-not—-fat, 11232 protein, (2.9% 

factose ana 0./% ash, for Sows) On pasture. Phe corresponding 

values for dry—-lot sows were 22.8, /.2, 04.3, 3.4 and 0.7%. 

They explained that a higher fat level (Bowland et al, 1949a) 

in the colostrum of sows on drylot was probably due to fat 

mobilization from the fatter sows in the drylot. In another 


report, Bowland et al (1951) observed that the condreLon of 
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the sow at the time of parturition influenced the concentration 
of fat in the colostrum. Mean fat level in the colostrum 
was 3.9%. but sows that were not thin had a colostral fat 
content as hagh as 6.22. Perrin (1955). undertock one, of the 
First studies to determine changes in colostrum at frequent 
intervals. At. parturition he reported a gross composition 
One ats) LOC a cOllosiay .0setat, 2243660) 1ds-not-tat «uly .2s 
protein, w2.53 lactose and 0.7% ash. He noticed that 3 hr 
heater athe “correspondangrvalies, were.29. 1) 07). ijl. 4, Loso, 
2.59 and 0.6%. Further declines occurred in the levels of 
total solids, solids-not-fat and protein while % fat, lactose 
and ash increased by 24 hr. post-partum. DeMan and Bowland 
(1963) published a detailed composition of both colostrum and 
milk including analysis of the fatty acid pattern using gas- 
LIguadechromeatographyn,. The gross*Ccomposition of colostrum in 
EhneSeccuicy. Wasel 6.2 total SoOlads,, nite tat, 22.43, solids= 
NOtefateahndss.7 2 protein. “The fatty, acid composition, (2) of 
colostrum wast 4c0=1.4 2 ClG6.0-22 15) Cloed=—5,,.0) 2 Cle. 0=5ca/5, 
ClGel 417 CLS: 2=20" 9 and 1Cl3.:3=2,. 46, (hey, observed thaty back= 
fat. resembled colostrum fat in fatty acid pattern more than 
did milk fat. The comprehensive review of von Neuhaus (1961) 
Wasecummarized by Bowland (1965)... Bowland, (1965)) undicated 
that there were considerable variations in reported values 
for all the colostral components analyzed. This was confirmed 
by the studies of Stinson et al (1967) who obtained colostral 
fatty acid composition data dissimilar with respect to the 
C18:1 and C18:2 content reported by deMan and Bowland (1963). 


Schuld and Bowland (1968) determined the composition of 


a i) 
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colostrum from sows receiving dietary rapeseed meal or 
soybean meal.) They found that + total solids was -higher 
(P<0.05) in the colostrum of sows that had received rapeseed 
meal during either the growth or gestation period while % fat 
was higher in the colostrum of sows fed rapeseed meal during 
the growth period. They noted that gross composition was 
within the ranges observed by von Neuhaus (1961) (as cited 

by Bowland 1965) except for protein content. Fatty acid 
composition was Similar to that reported by deMan and Bowland 
(1963) and Duncan and Garton (1966) and was not influenced by 
the dietary treatments. Elliot et al (1971) have analyzed 
the gross and fatty acid composition of colostrum from sows 
receiving varying protein levels during the last 30 days of 
gestation. In colostrum tcollected 22 hr post-partum, they 
showed that the level of dietary protein did not significantly 
affect the total fat, fatty <acid.or ash content, even though 
the -colestral protein content was slightly greater £or the 
hagkest, protein level (15¢ecrude protein anithe diet). fhe 
Gross composition of this. colostrum was 15.5% crude protein, 
OA eaten 40 7 Be eaSl) os 0. Os SOlrds wand g22 792asolids=not-+ta c. 

The fatty acid composition observed in this study was gener- 
ally comparable to those reported by deMan and Bowland (1963) 
andeschudd and Bowland (1968). Fahmy (1972) has reported 

Wie loies OL 26a) pli) ai pee 5 cand, *0..6:/ Sudom tetal sols protein, 
fat and ash respectively. He determined energy content to be 
Iieoukcal/g andystated that «the. changes anethe jamount iofpclatent 


energy followed the changes in the dry matter percentage. 
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Thesminchusionvofucorn oll invthetdietsin: late\qestationsled 
£O av¥significant increase in the: @ C18:2 in the colostral 
bacetiiitenietral, oy erriendeto/4,°Seerleveet al, 1974). 
Miller-etval (19715) observed only a slaght increase in fat 
content with no major changes in gross composition while 
Friend (1974) and Seerley et al (1974) reported 4 significant 
ineredse 10 the fat content of colostrum when corn oll was 
fed. The Earty acid composition reported in these three 
studies were generally comparable to those reported previous- 
ly. Siers et al (1976a) have reported a colostrum energy 
CONtCent OL 2 keal/g and protein, dry Matter, lactose and 
achecOoncenme Of G.I, 2/27, 2.0 sand b.42 respectively. ) ‘they 
also sfound that’? Lipid in their colostral sample was 7.3 
and that feeding of Dichlorvos in late gestation led to a 
stile Solr Raklote Woh mse crol bled slo pam eee oye es 

The gross composition of sow's colostrum as reported in 
this review is) different from milk in % total solids and 
DEOtGiIn = both of which are higher in Colostrum — and in fat. 
There are also differences in the levels of certain minerals 
and vitamins (Bowland 1965). Other differences, according 
to Pond and Maner (1974), are higher levels of phospholipids, 
Unsacurated tacty acids, Vitamins A, C, E-end thiamine; and 
lower levels of non-protein nitrogen, pantothenic acid and 
Hlacin. That the diet £6ed during gestation can influence 
some constituents of colostrum has been established in the 
literature surveyed. The review of Bowland (1965) supports 


the suggestion that the composition of milk can also be changed 
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by dietary manipulations. The effects of high feed intakes 
in late gestation on sows' colostrum have not been examined 


in depth and thus there is the need for more data. 


Jit 


OBJECTIVES 


The experiments described below were designed to deter- 


Mine the effects of recommended feed intake (2.0 kg/day) or 


ad) libitum intake Of a control diet or diets containing 10% 


added sucrose or 10% stabilised tallow from Day 100 of gest- 


ation until farrowing. The criteria of response were: 


(1) 


(2) 


(3) 


(4) 


(5) 


Sow weight changes during late gestation and 
lactation: 

litter performance and composition of colostrum; 
piglet blood constituent changes; 

tissue or carcass composition and their changes 
dumingeune neonatal» period; 

the relationship of the above parameters to 


piglet survival and growth. 
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EXPERIMENT .1. REPRODUCTIVE PERFORMANCE - SOW WEIGHT CHANGES, 
LITTER PERFORMANCE AND COMPOSITION OF COLOSTRUM 
Experimental Procedures 
7. O\nimals and Diets: There were 2 replicates in this 

experiment. Replicate I was conducted at a commercial farm! and 

involved 25 crossbred and 15 purebred Hampshire litters. 

Replicate 2ewas undertaken at the University of Alberta farm 

with 42 crossbred sows bred by boars of mixed breeding. All sows 

were randomly allotted to the same 4 dietary treatments from 

Day l00CGiegestation until parturition. There were unequal 

numbers of sows in the 4 treatments. Day 100 was chosen in an 

attempt to reduce the adverse effects of high and prolonged feed 
intake on sow reproductive performance. 
Sows on the first dietary treatment i.e. Control-Low 

(C-L) received 2.0 kg of a barley-soybean meal diet each day 

until farrowing. This same diet was fed ad libitum (C-H) to 

the second group while the third and fourth groups received 

ad Libueum a SimiLlarp diet that contained) 103 sucrose #(SU) and 

10% stabilised tallow (TA) respectively. The 10% sucrose and 

10% tallow replaced barley on a weight basis in the rations. 

Sucrose was used to promote feed intake over and above that 

expected from the C-H group and to study how this would in- 

fluence performance. The stabilised tallow was added in order 
fometudy the e@itects Gf caloric imtake of dans one piglets. 
performance. Increases have been reported if Piglet sunvival, 
and piglet and colostral linoleic acid contents when sows were 
fed corn oil and the inclusion of tallow was also meant to 
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lkaveander Farms, Fort Saskatchewan, Alberta. (Owner (Mir. C.. 
Visser). 
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DIET FORMULATION AND NUTRIENT COMPOSITION 


Ingredient ($%) 


Sucrose 
Stabilised Tallow 
Soybean Meal 
Iodised Salt 
Calcium Phosphate 
Calcium Carbonate 


Vitamin-Mineral Premix? 


COMPOSITION (ANALYSED) 
Ash, % 

Crude Protein, % 

Gross Energy, kcal/kg 
lupijoniel,, 

COMPOSITION (CALCULATED) 


Crude Protein, $% 


Digestible Energy, kcal/kg 


Casicanum, mee 

Phosphorus, % 

Lysine, $% 

Methionine & Cystine, % 


FATTY ACID COMPOSITION 
(ZRORSTOTAL BATIY ACIDS) 


Myristic, CAEATA 
Pentadecyclic, C15:0 
Palmitic, CLG0 
Palmitoleic, CiLSe 32l 
Stearic, Giltss (0) 
Oleic, Clsew 
Linoleic, (CALS Z 
Linolenic, (CAUIE 3S} 
Others?” - 


TABLE 2 


Control 


N 
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1Supplied the following per kg of diet: 120 mg zinc, 10 mg copper, 


48 mg manganese, 100 mg iron, 
40 mo niacin, 2/7 mg pantothenic acid, 
vitamin E, 7500 IU vitamin A and 700 IU vitamin D3. 

2Others include margaric (17:0) and arachidic acid (20:0). 


0.1 mg selenium, 
28 meg Vitamin By, 
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Give wndications of changes, if tanyj,~ in these -parameters. 
Attempts were made to obtain isonitrogenous but not isocaloric 
dréts tas indicated by he increasing levels of soybean meal 

in the 10% sucrose and 10% tallow diets. The detailed nut- 
trient and chemical composition of these diets are shown in 
Lablew2. 

DWe@ratty 9acid Comeesielony of ‘the. oS <diers vs also. shown 
ivolable 2. elhe inclusion of stabilised) tallow raced. the 
Clic Level rromeaboucez0. an the coneroledtet O13) 4 ein 
thes tallow diet while Cl8:2 decreased from 48.0 to 13.6%. 

Minor echanges occurred in) ther Levels i6faGl4207 Cl6-0 - Clé<a, 
C18:0 (all of which showed an increase) and C18:3 (which showed 
a decrease) in the diet. The pre-experimental feeding 

and management procedures employed for these sows are gener- 
dio ott OnEenOsSes descr bed iby sAhnerneme tt. a lamChoy 4) eet 

the start of the feeding period, sows were kept in individual 
stalls. All sows were moved into farrowing stalls at Day 109 

of gestation. 

After parturition, piglets were weighed at first observation 
(4-12 hr post-partum), ear-notched and their needle-teeth clipped. 
Piglets were injected (intramuscular) with 2 ml Imposil 20 Ui 
before 3 days of age and all males except purebreds were 
Castratedvated week of age. All litters receivedsa well-— 
fortified creep) diet from 2 weeks of ages, Creep intake was 


not measured however. Total feed intake from Day 100 until 


2Imposil 200 - Iron dextran complex. Fisons (Canada) Ltd. 
26 Prince Andrew Place, Don Mills, Ontario. (Contains 200 mg 
zE0n in every 2 ml dose). 
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parturition was recorded and all sows in Phase 2 were weighed 
at Day 100 and 112 of gestation. Sows were weighed again 
Within W2ahr atter warrowing and finally ge the end of the 
S=week Qlactation. © Dtactating sows at both centers were fed a 
lactation diet (17% crude protein) on a scale which ensured 
that,at 10 days post-partum, each sow was receiving 5.5 kg 

Gt feed daily until weaning. Total number of pigs born alive, 
born dead, number weaned, gestation length and piglet weights 
at birth, 1, 2 and 3 weeks of age were recorded during the 
experiment. 

2. Colostrum Samples: Colostrum samples were obtained 
at less than 18 hr. post-partum. Colostrum let-down was 
imauced:. by the: anjection of S0"1U: of Oxytocin into an ear— 
vein. Samples were drawn from each functional teat, bulked 
and preserved with mercuric chloride. Samples were kept 
frozen (O°C) until analysed. Colostrum was collected from 
4 sows per treatment. 

3. Chemical Analyses: 

(a) Samples of the 3 diets used in this experiment were 
ground and analysed for crude protein, ash and ether ex- 
traGteabys OAC (1970) =methods.9 SGross *energy conten was deter— 
mined in a Parr Oxygen Bomb Calorimeter* equipped with a 
Brown Electronik Recorder*. Colostrum samples were analysed 


for crude protein (Nex 6.38), totel “solids and gress enercy 


‘Parr instrument Co., Moline, Illinois. . 
‘Minneapolis - Honeywell Regulator Co., Philadelphia, 
Pennsylvania. 
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by (1) Kjeldahl method .(2) fmeeze-drying and (3) bomb 
calomimetry respectively... Colostrum was analysed for total 
lipid content as described by AOAC (1970). 

(D)i Fatty Acid Pattern. of Colostrum: 

Pate Was; extracted from the colostrum by a, modiiication 
of the method of Roese-Gottlieb (AOAC, 1970). This involved 
a thorough mixing of 10 ml colostrum sample with 1.25 ml 
concentrated ammonium hydroxide. Ten ml of ethanol was next 
added and mixed well. After adding 20 ml petroleum ether 
and shaking for 1 minute, the top layer was removed and 10 
ml of this transferred into a screw-cap culture tube. The 
solvent was removed under nitrogen in a warm water bath and 
the fat methylated,as described in Appendix 1. The methyl 
esters of the fatty acids were used for gas chromatography. 
Separation of the methyl esters was achieved on a 366 cm 
long and 2 mm inner diameter glass column packed with 10% 
CP on 100-120 mesh Chromosorb W-Acid washed. The following 
isothermal conditions prevailed: column temperature: 220°C, 
inlet and detector (Flame ionisation detector) temperature: 
250°C. The flow rates of nitrogen, hydrogen and air were 
20emL min 40 mL/min sand 42, standard cCubre:toot/nxy 
(S.CaF.H.) respectively. 

(c). Fatty Acid Pattern in Feed Samples: 

Well-mixed, ground feed samples were hydrolysed and 

Saponified to obtain extracts for methylation. The proce- 


dure adopted is described in Appendix 2. 


STATISTICA ANALYSES” 


Data were analysed using analyses of variance. Analyses 


of variance involving equal numbers of observations were 


analysed ‘according “to Procedures given, by Steel and Torre 


Analyses of variance involving unequal numbers of 


C1960). 


observations were computed to adjust for all effects (Yates, 


1934; Harvey, 1960 and Overall and Klett, 1972). Actual cal- 
culations were made using regression programs coded with 
dummy variables; variables were coded as shown in Overall 
and Klett (1972) 

Multiple comparison of means were made using the 
Newman-Kuels procedure (Steel and Torrie,1960). Comparison 
within the interaction tables were made using the Tukey 
HSD procedure as outlined by Cicchetti (1972). 


The following symbols were used to denote tests of 


SsiOnNiLErcance: 
Symbol Meaning 
* Means are significantly different 
ai P< 005i. 
** Means are significantly different 
at P00 
a,b,c,da,e¢ Means bearing the same letter or 
no letters are not significantly 
atfiferent -at P<0205. 
SEM Standard error of the means. 
NS Means are not “Significantly driferent 


ate =0 605.. 


tRerers to analyses Carried out in all the experiments. 
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RESULTS AND DISCUSSION-EXPERIMENT 1 
SOW AND LITTER PERFORMANCE 

One sow from the C-H treatment was removed from the 
experiment (Rep. 2) because she suffered from uterine pro- 
lapse after farrowing. All data for this sow were discarded. 
the treatment x replicate interactions were not significant, 
indicating that the results at both centers were similar. 
Therefore, the results for both replicates were pooled and are 
mepOgeed SEhus. 

The reporductive performance of the sows on the 4 gest-— 
aelOn treatments are Shown in Table 3. Total jfFeed) intake, 
feed intake from Day 100 to Day 112 of gestation and average 
daily feed intake from Day 100 to parturition were signifi- 
cantly different (P<0.01) between treatments. As expected, 
sucrose inclusion led to a greater feed intake (P<0.05) while 
the inclusion of tallow led to a reduction (NS) in feed 
intake relative to that of sows fed the control diet ad libitum. 

The greater energy density (Table 2) of the 103 tallow 
diet was probably responsible for the reduction in feed intake 
Telative to that on the other ad Jabitum fed diets. "However, 
daily caloric intake on the basis of the determined gross 
energy comtent were 7.6,5 16.0, 1629 and 16-4 Mcai tor eine 
C-L, C-H, SU and TA sows respectively, suggesting that sows 
do tend to eat to satisfy their energy requirements. On the 
other hand, the corresponding values when the calculated 
digestible energy (DE) contents were MS edmWweree Onl peeleiGy 
13.4 and 13.9 Mcal per day, which indicates that the high 


energy TA diet led to a slight increase im DE antakes 
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The mean gestation lengths for the 4 treatments were 
not significantly different even though there was a slight 
trend towards an increase with the higher feeding levels. 

The liveweights of the sows appeared to have been influenced 
Significantly (P<0.05) by the feeding treatments at Day “LV2 
of gestation but there was an initial weight effect since 
sows allotted to the C-L treatment had a significantly 
(P<0.05) lower mean 100-day weight when compared with the 
C-H-acoup Cf sows. ~Tordetermine it there wasein fact. a 
treatment effect, orthogonal comparisons, which anvolved a 
comparison of the mean weight gain of a particular treat- 
ment with those of the other treatments (Steel and Torrie, 
1960) were conducted. These showed that the weight gained by 
the ad libitum groups were similar to each other but were 
Signatacantlynattierents (P<0205)) from the Gain of the controd 
group. 

All sows were fed the same diet and in similar amounts 
dining the lactation period. The significant diiterences 
obtained in the sow weights at weaning were not treatment 
related, however, because orthogonal comparisons showed that 
the weight losses for the 4 treatments were not significantly 
different. Sows that ate the most feed during late gestation 
gained the most weight during late gestation and also lost the 
most weight during the 3-week lactation. The pattern of weight 


changes observed here is similar to those previously 


, dy : 
a {a , 
ld nameless 


a 
4 Dey = = 


a; [ i] “| ® Th 
t ee 
; 9 re) hf aa Weve 
7 —. 
igaye oy. dog Sate 


on aa 


aah oa | es 
4 SR ll i 7 i ‘| VOins a i" ; Vee un » Sage Je 
chy h : aoa Se! 
7 Mi one Gwe < ip es 


61 


reported by Mayrose et al (1966); O'Grady (1967); Baker et 

aly (1309 )"; Elsley 6t al {1969)) Vermedahl et al (1669); 

bodge (1972) and Buitrage et al (19745). In the 3 experi- 
Mental treatments 1.6. C-H, SU end TA the weight gained from 
Day 100 to 112 was greater than the weight loss during the 
lactation period but this was not true for the C-L group of 
sows. Thus it would seem that though sows which gain the most 
weight in gestation also lose more weight during lactation, 
Cheyemay Still wergh. more at the end Gt lactation than. a 

more cOnventionally=fed ‘group. “=Lb ius worth noting, however, 
that Lodge (1972) has indicated that reproductive performance 
was optimal when a pregnant sow was fed to gain 22.7 kg body 
weight during gestation over and above the weight of the 
litter. He also indicated that feed was utilised most eff- 
iciently when sows were fed restricted feed levels in 


gestation, followed by high levels of feed in lactation. 


Litter sizes for the 4 treatments were satisfactory 
as were the number born alive and number weaned. Feeding 
sows ad libitum before parturition did not wappear to in— 
fluence the incidénce of agalactia and other related sow 
reproductive problems. There were no significant differences 
Haetotalsnumber Of pigs born, born alive, percent stillbirth 
and percent weaned. Percent stillbirth was greatest for the 
sows that were fed the 10% sucrose diet and lowest for those 
fed the 10% tallow diet. The former group, it should be 
mentioned, also recorded the greatest feed intake and even 


though they had the smallest value for number of pigs weaned 
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per litter, this would seem to be related to their smaller 
litter Size at birth. The values for numbers weaned as a 
percent of numbers born alive were not significantly differ- 
ent. Percent mortality (including stillborn pigs) was 16.5, 
18.8, 19.2 and 14.6 for the C-L, C-H, SU and TA treatments 
respectively and followed the same trend as was observed for 
the percent stillborn pigs. -Seerley et al (1974) have 
reported that corn oil in a late gestation diet had a positive 
influence on survival rate of piglets to weaning and attributed 
this to the fact Chat a higher percent of those under 120 kg 
in the corn oil treatment survived when compared to a corn 
starch group. The results obtained here, though not signifi- 
CAanLzesnoport, clese ObServValLlOns vandualsomindieates that mar 
or oil diets may somehow reduce the stillbirth rate. 

There was no Significant improvement in the birth weight 
of the piglets as a result of the increased nutrient intake 
im bate gestatzen. The greatest mean birth weight was from the 
SUecgroup ana*the lowest from the C-lL group but these diifrer— 
ences were not Significant (P<0.05). Significant increases 
im DEGEn welgnts with, ancrease in feed intake have been re] 
ported in the literature (Lodge, 1972) but these have gener— 
ally been studies to determine the effects of increasing 
nutrient intake from sub-optimal levels to adequate levels. 
Though responses in birth weight to increased levels of feed 
or nutrient intake have been observed in several studies; the 
increased birth weights have not always been significantly 
Girferent from that of pigs fed recommended feed levels. In 


this experiment, the addition of 10% stabilised tallow to a 
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diet fed ad libitum did not improve birth weight over and 
above that obtained by the feeding of the control diet ad 
libitum. Friend (1974) has found that piglets from sows fed 
acorn Starch diet were’ significantly (P<0.01) heavier at 
birth than those from sows fed corn oil. Seerley et al 
(1974) have not found any such difference. 

several researchers) (Bowland 1964; Lodge et al, 1966a,b; 
Oreracdy 19% /; Baker etal, 1969; Bisley et aly 1969. and 
Vermedahl et al, 1969) have observed that piglets with 
higher birth weights have higher weaning weights. In this 
experiment the SU piglets which had the highest birth weight 
also had the highest weaning weight and this was significantly 
different from the weaning weights of the C-L, C-H and TA 
Piglets. Both Friend (1974) and Seerley et al (1974) have 
reported a higher 3-week weight for piglets from sows fed 
corn Oil in late gestation-lactation and late gestation 
bespectively. The former also observed a higher creep, feed 
intake by piglets from sows fed corn starch allowing them 
LG gain more weight. than the corm o1] piglets: by > weeks ox 
age. Creep feed intake was not measured in this experiment 
and thus its effect was not determined. In previous studies 
(Okai Gt al, 1976), however, it has been shown that creep feed 
intake did not have a significant effect on the weaning 
weights of piglets weaned at 3 weeks of age. 

FATTY ACID AND PROXIMATE COMPOSITION OF COLOSTRUM (TABLE 4) 

The gross composition of colostrum samples from sows on 
all 4 treatments is shown in Table 4. None of the components, 


i.e. total solids, crude protein, ash, fat and gross energy, 


TABLE 4 


FATTY ACID AND PROXIMATE COMPOSITION OF COLOSTRUM? 


Treatments (Gh (C18 SU TA SEM Sagat ia 


AIAN S JNCAID) 
(3% OF TOTAL FATTY ACIDS) 


C14:0 1.9 1.8 2.2 Te Gra NS 
C15:0 0.2 One 0.3 0.3 0.05 NS 
C16:0 S(he Dawe | Gece) al ee ye ** 
Ci6:i 6x6 ae 6.4 6.8 0.52 NS 
C18:0 Bele a5 Sa 622 0.59 NS 
Cie:4 De = ee erg eee eT #e 
C18:2 We Ge (Sse eee 1.26 NS 
Cie:3 ap 1.4 ee aa Gul NS 
C20:4 1.0 1.0 0.9 0.9 0.09 NS 
Others? ee oe cit eye or . 

PROXIMATE 

Total Solids, % 26008) 3065) §25e30  24no ee NS 
Fat, % Ges 7.9 Gaz Tee 179 NS 
Ash, % 0.8 0.8 0.8 0.8 0.05 NS 
Crude Protein, $% 10.6 10.6 ORS 95 i, NS 
Gross Energy, kcal/kg W506 UP2667 WASP Ws. s EEG SHO NS 


lFour colostrum samples per treatment. 


2"Others" include margaric and arachidic acid. 
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was Significantly affected by the treatments imposed in 
late gestation, suggesting that more than adequate feed intake 
may not lead to changes in colostrum composition. The values 
reported for total solids, crude protein, ash and fat are all 
within the ranges found by von Neuhaus (1961) and generally ag- 
ree with the more recent studies of Miller et al (1971b) and 
Feb (19/2)... —Hahmy (1972) and Siers et al (197/64), have 
PepOrued energy scontents of 1.6 and 1:7 kcal/g respectively 
and, ine this: ‘study, the values recorded ranged from 1.3 to 1.7 
Keal/d.) #the colostrum £rom sows fed the TA, diet had a 
slightly lower crude protein content than those of sows from 
the Cale C-heand SU treatments. §There was) a Slightly higher 
Pat centent) inthe colostrum from sews fed the C-H and 10% TA 
diets. However if percent fat is expressed as a percent of 
the total solids in the colostrum, the values obtained are 
Bae oro), a4 and) Zoom + LfEOG the G=i4.C—-H 4 oU ands PA etreat— 
ments respectively. These results suggest that the TA treat- 
ment did increase the fat content of the colostrum. In spite 
of this higher fat content, the colostrum from the 10% TA 
group contained the lowest amount of gross energy. According 
to Fahmy (1972), changes in the amount of latent energy of 
colostrum and milk follow the changes in the dry matter per- 
€eneage. hus as clearly borne out by che datavin Table 4. 
There is sufficient evidence in the literature (Bowland, 
1965; Schuld and Bowland, 1968; Miller et al, 1971b; Friend, 1974; 
Nielsen and KrusSe 1974 and Seerley et al, 1974) to indicate 


that the amount of fat and other components in colostrum and 
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milk of sows can be altered through nutrition. However, very 
few of these studies have considered a situation where more 
than adequate energy intake has been provided to sows in tee 
gestation. In this experiment it has been demonstrated that 
such, feeding regimens may not have a significant effect on the 
gross composition of colostrum and may lead in some instances, 
Lononiy a moderate increase in the fat content. Miller et al 
(1971b) have observed a slight increase while Friend (1974) 
and Seerley et al (1974) have reported significant increases 
imsthe fat content. of colostrum from sows fed corn 01] during 
late gestation. However, Pond and Maner (1974) have mentioned 
that total fat concentration in sow milk was quite resistant 
to changes in the level of dietary fat. They observed that 
increasing the dietary fat level increased the milk fat level 
Ssliightiy. » Hughes and Hart (1935) and Penrin- (1955) @have-ob-— 
Seed that dramatic changes occur in the gross composition 
of colostrum between parturition and the first 24-40 hr post- 
partum; the fact that the samples collected were from few 
sows and were not eo eainedmat the same time may suggest that 
there could have been changes in colostrum composition that 
were not detected. 

In Table 4 are shown the fatty acid composition of the 
colostral fats obtained. Of the fatty acids identified only 
Clle6=O ane Cle: were significantly influenced bys theydiecary 
treatments imposed. The lowest levels of Cl6:0 were from the 
C-L and TA sows' colostral fat and these were significantly 


different (P<0.05) from the levels for the C-H and SU colostral 
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fat. This trend was virtually reversed for the C18:1 contents 
of the colostra from the 4 treatments. The rather High Cle. 1 
content of the colostrum of the C-L group was unexpected an 
view of the lower levels found in the C-H and SU GeOupSs. Duc 
it should be mentioned that the levels reported for C18:1 and 
for the other identified fatty acids for this treatment were 
generally similar to those reported in the literature (deMan 
and Bowland 1963; Bowland 1965; Stinson et al, 1967; Schuld 
and Bowland 1968 and Miller et al, 1971b) and agree favour- 
ably with the backfat fatty acid composition determined by 
some of these authors. The 10% tallow diet given in late 
gestation did not increase the C18:1 content of colostrum 

to any Significant (P<0.05) extent when compared to the 

Value sLOnethe C=, ignoup. “Miller ‘et allo 7tb), Preiend "(197 4) 
and Seerley et al (1974) have all reported significant incr- 
eases in the C18:2 content of colostrum from sows fed corn 
ai in late gestation. The absence of a value significantly 
Greater thanrthat tor the 'C-l) group is Lather diteicuie to 
explain in view of the observations made by deMan and Bowland 
(1963) that the milk fat from sows receiving a high far (15¢ 
Eatlow)maLtet contaimeac 13.3% more -Clés), 7 s/seless Clos0, 
Sue less ClG.2 and 2.82. less Gl6:1 than the milk stac from 
Phemsows fed a standard drvet. The diets received by the 

C-L, C-H and SU sows were high in C18:2 and this may explain 
the higher levels of this fatty acid in these treatments; 


however, even though they were higher than the value for TA 


colostral fat the differences were not Signviicant. Acids 
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listed under “Others” will include margaric acid and arachidic 
acids and the significantly higher level of these in the TA 
colostrum is most probably related to their higher content 


in the tallow diet. 
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SUMMARY - EXPERIMENT 1 

The experiment described above was of a short-term 
nature and was designed to study sow and litter performance 
after a period of ad libitum feeding. Both total feed 
intake (Day 100 of gestation until parturition) and daily 
feed intake were doubled when compared to the control group's 
inteke-) The  additiom of stabilised tallow reduced feed 
intake to some extent while Sugar increased it when com- 
Paved to ‘the C-H igroup "Ss antake. The effects of Jabexal 
feeding on sow weight gains were quite considerable while 
the effects on birth weight were minimal, judging from the 
lack of a significant treatment effect. 

This experiment has, shown however, that even with rel- 
atively short-term feeding of excess nutrients, quite similar 
birth weights can be expected but weaning weights may be 
Gifferent depending on the source of added energy, with 
sucrose and tallow proving better than a grain source. In 
this experiment, the addition of tallow appeared to have had 
a positive effect on piglet weight gain especially in the 
first week post-partum for they weighed as much as the SU 
Digiets which had the largest birth weight. Similar effects 
haverbeen reported in the literature for corn o1lidiets. 
There was a trend towards better survival with the tallow 
diet; this was reflected in both the =29 <strllbarth 
and % weaned/litter. However, it is important that the 


economics of tallow inclusion be studied carefully in view 


Of Mes won cost. 


guint bn’ (he 
of Miah t4, os gM eases rage ue seek een 
oad praia be: Cet eae’. Cee y ‘eee en 
pute ian a2 NaretSpt’ Gis gio Iehene eats i ore 


7 
< 
> 
- : 


Needed li eat Iyr4y ne Aol als) tiles (at? @as Gp? berg 

; _ 

oe et ee =) us armed eohialy eilve rae —— 

ta . 16s VO "OU = fe aut hey wal 
me® bbe? in! eirwhe-in gible 
a ie (m~ Dy i.) ar. um? 8 aT. ili = ap ee § L>ue@ alae : 

t6Ju pas ge mie Gale sl ES A re ee a ee yey - 7 
fm f ee eye ' a avi Te ae eee ie | , a ia typ od igen ine 


. - 
weet!) dipea 9 inp ee ee © preneei Ano et 


TF tat RPh tate Aes ellen af er ee speneaes > - 
ba Ge Ail > > Gee fie sqred Hh Diy Abe eee Mag vinta kde vide : 
so ei ppl Oey US a foe Teas ouch. tengo 
ise ee eee ee ee | 
Reoe8Se 20) yet. Ole piaig! pibeak! 669 )byd) Woe 2 a 
thd 9.) Lis ley eae gt Brij iparonel aD ,3 Ne Oerte cond ws ols 
Gals. bij” « aay DBE ie pei teny é ieee i" 
Sian & ee eh a eae a 
“i 


era et neon Kier mae 


> giomenen 2 


al ’ 
=f 


a 


i. 4 


70 


There were no major changes in the gross composition of 
colostrum with short-term ad libitum feeding. Trends were 
observed towards higher fat level with the C-H and TA groups 
andthe: Lowest level with the SU group. Perhaps some of the 
glucose from the breakdown of sugar is being transferred 
across the placenta for glycogen deposition in the piglet. 
It would seem necessary to determine the gross carcass com- 
position and also the glycogen content of piglet carcasses 
at birth and in the neonatal period to resolve this question. 

Only 3,08 the 9 major fatty acids shown in Table 4A 
exhibited significant changes when compared to the results 
for the control group. Cl6:0 decreased in the colostrum of 
the C-L and TA treatments and was high in the C-H and SU 
treatments. On the other hand, C18:1 decreased significantly 
invthe C-H and SU colostra and was hagh in the €-l and TA 
Groups eeylneenigh Clas) level in the C-h 1s got se xplatmed 
by excessive body fat breakdown since the lactation weight 
losses were not significantly greater. In fact, weight loss 


ime bhactetion was lowest. for the C-L sows. 
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EXPERIMENT 2 
General Comments: 

The previous experiment showed some significant eff- 
Bets,of ad libitum |féeding Of 93 diets an 2ateliqestationeon 
sow and litter performance to weaning. There were general 
trends toward increased in birth weight and in survival 
from birth to weaning. In this, the second experiment, an 
attempt was made to determine the carcass characteristics 
of piglets from sows given the same dietary treatments from 
Day 00 FOL gestation until. parturition. Sle was considered 
necessary to determine the sows and piglets sera constituents 
EODODSeEVerChanges, if any ,, in blood promiies: 

A total of 38 sows that were not involved in the first 
experiment were used in this experiment; 20 of these (5 per 
treatment) were used in the first part of the study where 
sow blood constituents were studied at 3 intervals before 
PelLUricion. |The ~—proximate and fatty acid composition 
of the piglet carcasses at birth and during the neonatal period 
were determined. To provide additional data on glycogen con- 
tent, the remaining 18 sows were similarly fed (part 2) and 
their piglets serially slaughtered at birth, 24 and 48°hr post— 
partum. This wa intended to show if sow feed intake had 
an effect on the glycogen content of liver and muscle tissue 
of the newborn and neonatal pigs. 

The muscle selected was the L. dorsi. No attempt was 
made to determine the total mass of either the liver or the 


L.dorsi. This was to avoid possible losses in the glycogen 
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content in the course of preparing samples for weighing. 

The blood serum profiles of the piglets were also determined. 
These studies were primarily designed to determine treatment 
effects of sow nutrition in late gestation on the body com- 
position and liver glycogen content of newborn and neonatal 
pigs and to monitor changes in sows after a test period. 
However, the effects of age per se will be mentioned where 


necessary. 
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EXPERIMENT 2. PAE Taslne CARCASS PROXIMATE AND FATTY ACID 
COMPOSITION 
Experimental Procedures 

1. Animals and Diets 

A total of 20 crossbred sows, distributed equally to the 
Previously described (Table 2) C=, C-H, SU and TA treatments, 
were used in this experiment. The feeding period was from 
Day 100 of gestation until farrowing. Sows were weighed at 
tac wotarc AUay 00) = prmloe CO parturition (Day. ll2) and arter 
parturition (48 hr post-partum). Sows were kept in farrow- 
ing stalls bedded with wood shavings. Farrowings were 
attended to obtain randomly selected piglets for slaughter at 
birth. All newborn pigs were weighed after the umbilical 
Cord Nad been (cue to a4 cm length. pithe surviving piglets 
were killed at either 24 or 48 hr of age after they had 
been weighed. A minimum of 8 piglets were killed at each of 
the three slaughter periods for each of the 4 treatments. 
Ald sows received 2.0 kg per day of the control (C€-L)diet 
on the first and second days of lactation. 

2. SCollection of Samples 

i. A minimum of 3 sows per treatment were bled by 
anterior vena cava puncture (Carle and Dewhirst, 1942) at Day 
100, 102 and 108 of gestation. Samples were allowed to stand 
for elLOeminuces ang then centrifuged at 2500 rom. (1-1 1g) tO -cbtain 
the serum. Serum samples were stored at = 30°C after they 


Hage peen Lrozen at 0°C,. 
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ii. Blood samples were obtained from all piglets slau- 
tered at birth. These were collected in beakers containing 
sodium fluoride (10 mg/10 ml blood) and 14 mg ethylene di- 
amine tetracetate (EDTA). The plasma obtained after centri- 
fuging each sample at 2500 rpm (1.1 g) was used for plasma 
Tactic acid determination. “Only the plasma samples of piglets 
less than 9 in the farrowing order were analysed because it 
is recognised that lactate levels were higher in pigs born 
later in the litter (Pettigrew et al, 1971). Samples were 
stored frozen until analyzed. 

iii. Carcasses were weighed after exsamguination and 
were cut open and the digestive and urinary tracts were 
removed. After obtaining "empty" body weights, the carcasses 
were sealed in polyethylene bags and frozen at 0°C. 

bo —Preparativon of Carcasses fon Analyses 

Carcasses were partially thawed and ground once using 
a Globe Hamburger Mill (Model 6420)!. The carcasses were 
freeze-dried? to a constant weight (72-96 hr) at a shelf 
temperature of 3/.8°C. The samples were Chen! finely ground 
using a Wiley Mill? (no. 1), put into polyethylene bags, 
Sealed and stored at l-2°C until analysed: 

4. Chemical Analyses 

i. puplicate samples were analysed for final dry matter, 


total Kjeldahl nitrogen and ash content by AOAC (1970) methods. 


Simoson Computing Scale Co. Incorporated, Louisville, Kentucky, 
Un oA. 


2 . . . « . 

Repp Sublimator, Model SRC 42, Division OteaVireLs 2COn einen, 
Gardiner, New York, U.S.A. 
3 


Arthur H. Thomas Company, Philadelphia, Pa., U.S.A. 
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Gross energy was determined with an adiabatic oxygen bomb 
calorimeter as described in Experiment 1. 
ii. © Total Carcass Lipids and Fatty Acid Pattern in 
Carcasses 

Two g of the finely ground carcass was homogenized? in 
20-40 ml of a 2:1 Chloroform: methanol mixture for 5 minutes. 
The homogenate was filtered (with suction through a funnel) 
with filter paper and the extraction repeated with an extra 
25 miv“or the chloroftorm:methanol mixture, The Homogeni zing 
vessel was surrounded by ice. 

The combined filtrate was transferred to an Erlenmeyer 
flask and 20% by volume of 0.05% calcium chloride was added 
and mixed. After standing overnight, the total volume of 
the chloroform (bottom layer) was recorded and a 25 ml 
aliquot was added to a dry, weighed beaker. The chloroform was 
evaporated on a steam bath and the beaker was heated in an 
oven at. LO0°C for 40 minutes. After cooling~to, room temper-— 
ature in a dessicator, the beaker was weighed. Per cent 
total lipid was determined as follows: 

2 total ivpid = | 


TOtalomie or Chlorotorm Layer x weight of lipid tnealrquot 
a LOD 
Welogies oe sample tx. 25 emt 


The fatty acid pattern of carcasses was determined using 
the chloroform:methanol extract obtained above. The extraction 
procedure described above was similar to that om irolch tet al 
(1957). The steps required before samples can be analyzed 


has been described in Appendix 1. This involved the methylation 
Virtis “23" homogenizer. The Virtis Co., Yonkers, New VOries 
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of the tatty acids present «nd their purification using thin 
layer chromatography. The individual fatty acids in the 
esters were separated by gas chromatography*® at 220°C with 
a 366 cm long and 2 mm inner diameter glass column packed 
with 10% SP 2340 on 100-120 mesh Chromosorb W-Acid Washed. 
Column ytemperature was 190-225°C at 3 97min while the inlet 
and detector (Flame ionisation detector) temperatures were 
259 sand 255°C respectively. The nitrogen and hydrogen 
flow rates were 20 and 40 ml/min while the air-flow rate 
was 1.2°S.C.F.H. The individual fatty acids were identified 
by comparing their retention times with the retention times 
of pure fatty acid methyl esters. 

Method of Calculation 

Peak areas were obtained with the aid of a Vidar 6300 
digital integraton attached to a recorder = 2 composition 
of each fatty acid was estimated by quantitating the area of 
each fatty acid and expressing this as a % of the total fatty 
acids detected. 

iii. Plasma Lactic Acid Determination 

A Sigma Reagent Kit® was used. The plasma was depro- 
teinised with cold 8% perchloric acid and centrifuged twice 
to obtain a clear supernatant. This supernatant was incubated 


5Bendix Gas Chromatograph~2500. Bendix International Operations, 
605, Third Avenue, New York, N.Y., 10016 U.SsA- 

6Vidar Autolab, 77 Ortega Avenue, Mountain View, Calif. 94040 
WSe A. 

7Microcord Model 44. Photovold Corp., 1115 Broadway, New York, 
URE Ounce a 2h, 

"sigma Tech. Bulletin No. 826-UV (1975) Sigma Chemical Company. 
Dap BOs L4500,) caint Louis, Miuss.7 63178 UlS.A. 
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with nicotinamide adenine dinucleotide (NAD) and lactic de- 
hydrogenase (LDH). The reactions that occurs is as follows: 


. ‘ ; LDH : , 
NAD + Lactic Acid———-_-> Pyruvic Acid NADH 


The increased absorbance at 340 nm due to NADH formation 
Decomies a Measure ot tthe Vactic @cid onigind) 1lyweoresen. «A 
summary of the analytical procedure is shown in Appendix 3. 
Only the plasma from newborn pigs was analysed for lactic 
acid content and the procedure was modified slightly to suit 
Dre BeCONCeNtratizOns Ob elacCtic acrOm (Sloman LOC. se hU lal sa ests). 

5. Sow Serum Profile 

Serum samples were analysed for calcium, inorganic 
phosphorus, alkaline phosphatase, uric acid, lactic dehydro- 
genase, serum glutamic oxaloacetic transaminase, glucose, 
urea nitrogen, cholesterol, albumin, bilirubin and total 
protein by a commercial laboratory.’ This laboratory uses 
a Technicon SMA 12/60 Autoanalyzer'® The procedures involved 


have been described by Perrin. (1975). 


9Dr. S. Hanson and Associates, Medical Laboratory, Edmonton, 


Alberta. 
10Technicon Instruments Corporation, Tarrytown, New York. 
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RESULTS AND DISCUSSION (EXPERIMENT 2 PART 1) 

SOW AND LITTER PERFORMANCE 

The feed intake and reproductive performance of the 
20 sows involved in the first part of the experiment are 
shown in Table 5. Sow weights were not significantly 
different (P<0.05) between treatments at either Day 100 or 
Day LUZ OL gestation.» This could be attributed eo cons1d— 
SralblesVvadrlation Unvinitial and final weights of individual 
Sows within treatments. The differences between the mean 
weights gained during this period were quite similar for the 
3 ad libitum groups but these were significantly (P<0.01) 
greater than the weight gained by the control group during 
this period. The highly significant (P<0.01) differences 
between the total and daily feed intake of the C-H, SU and 
TA groups when these were compared to the control group were 
probably responsible for the higher weight gains. Again 
there was a trend towards a reduction in feed intake with 
the TA diet and an increase with the SU diet when these are 
compared to the C-H treatment. ihe banthy 24=— ands46=nr 
weights of piglets from the 4 treatments did not appear to 
have been influenced by the late gestation feed intake. The 
differences in the weights recorded were quite small and not 
Sugnaticant. © Ihis,; in effect, confirms the tesualcts sreported 
in experiment l. 

Blood lactic acid levels in newborn pigs were determined 
to provide an indication of peripartum stress. As shown in 
Table 5; the values recorded were not significantly different 
and no definite trend was observed. It may be suggested that 


the short-term availability of excess nutrients and the con- 
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sequent rise in sow weight gain does not impose stress on 
piglets during the birth process. This is supported by the 
fact that even though duration of farrowing was not measured 
for all sows, it did not appear to have been influenced by 
the treatments imposed. 

BLOOD SERUM GLUCOSE, CHOLESTEROL, TOTAL PROTEIN AND UREA 

NITROGEN OF PREGNANT SOWS 

The values determined are shown in Table 6. In 3 of 
the 4 treatments, serum glucose level increased with stage 
Ologestatrvon. Only the C-H group did moet show this’ ancrease. 
Rutz ectsal (19/1) wand Nachreiner and Ginther (1972a,¢c) have 
both reported increases in glucose level with stage of gest- 
ation. Neither the treatment nor the stage of gestation 
effects were significant, however. Ruiz et al (1971) and 
Nachreiner and Ginther (197la,c and d) have shown that 
serum cholesterol levels decreased as parturition became 
imminent in adequately fed sows. A similar result was ob- 
tained in this Study with the C-L sows. The high feed 
intake in the other 3 groups prevented a decline in choles- 
terol level as gestation advanced. Here there was no sig- 
nificant stage of gestation effect but there was a treatment 
ettect (P<0.05) at Day 108, with sows fed the tallow diet 
having the highest cholesterol level. Aherne et al (1976) 
have reported that the cholesterol levels in the blood of 
pigs fed oil-containing diets were significantly (P<0.01) 
higher than those of pigs fed a control diet. The total 
protein values observed were similar to those reported by 


Miller et al (1961) and Nachreiner and Ginther (Lo 72a,d) “for 
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TABLE 6 


SOW SERUM CONSTITUENTS AT DAY 100, 102 AND 108 OF GESTATION? 


Treatment C= Cai OU TA SEM Signifi- 
ee ee ee ao: = = dpe Cancer. 
DAY_100 
Constituent 
Glucose, mg/100 ml S85 5(4)) ROCA) CIO) BS eS) Sele NS 
Cholesterol, mg/100 ml I) Sho. Ws S SiO ila 618 NS 
Total protein, g/100 ml Pell Fos Bol He’ O28 NS 
Urea nitrogen, mg/100 ml ik, 3 Wa 7 N30 WA 6 8 Te INO NS 
Calcium, mg/100 ml oF B69 O35 926 Dip Qe NS 
Phosphorus, mg/100 ml Se 54 5.3 5.4 0.20 NS 
Baise uvosoM es M/A 0 Omi: 0.2 Ol 5 2 One One 0.04 NS 
ree Boneh, witsyALOO) wk One! Oe dt Oe ORs Or le2 NS 
DAY_102 
Glucose, mg/100 ml W205 86.0 88.0 89.8 6526 NS 
Cholesterol, mg/100 ml O50 Ara OH ats Siok Gro) NS 
Rotadanprsetedmn,.9g/ uOO mm ot! Wo IoS Wo® O25 NS 
Urea nitrogen, mg/100 ml 9.8 ORS 1Oz8 1S 716 US bS) NS 
Calcium, mg/100 ml 95 om 9.4 Ore Om29 NS 
Phosphorus, mg/100 ml Sis SoZ S45 Ba Onze NS 
iBulilskreWloalyel,, jukey// NAO) saelth 52 Ome One 0.3 O04 NS 
pene aiebiel, ieyAClo) wil Orel @ sal. Orel: O53) ORs NS 
DAY_108 
Glucose, mg/100 ml 95.5, 88.7.5 93.5.4 98.2). 5a al NS 
Cholesterol, mg/100 ml 80.0 100.0 S38) 3 WAUS) 55: 6.18 * 
Total protein, g/100 ml Ging Wok Yee! Wotlk Omzs NS 
Urea nitrogen, mg/100 ml F id) ee, eS 1256 ik 5 RO NS 
Calcium, mg/100 ml 8.4 De, 7 Ne 7 Ow, Os 2H NS 
Phosphorus, mg/100 ml Bip ¢/ 6.0 5.9 BH On 20) NS 
Bibi cuban, mg/ LOO m2 OZ Ore ORF Om2 0.04 NS 
Uric acid, mg/100 ml OR0S Orr2 OFS 0.4 Wadb3 NS 


INumber of sows sampled is shown in parentheses. 
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sows in late gestation and as indicated by the latter re- 
Searchers, they showed a tendency to decline by Day 108 (near 
term). Thus, while there was no Significant treatment 

effec, tiero Was a significant (P-0.01) stagerot gestation 
effect. Blood urea is the end-product of nitrogen metabolism 
in terrestrial vertebrates (Mahler and Cordes, 1966) and an 
increase in urea levels indicates an increase in protein 
Catabolism ian Order to supply carbohydrate intermediates. 

RuUlZ eteal (L971) have indicated that Serum urea mi trogen 
levels decreased in the last 2 weeks of gestation. Nachreiner 
and Ginther (1972a,d) and Atinmo et al (1974a) confirmed this. 
In this experiment, this trend was only true for the C-L 

group of sows. In the other treatment groups no definite 
trends were observed and while the exact significance 

OLee Mis Toinotle clear, Le 6S WOLEN Memclonunde. cidt Atinmovet 

al (1974a) have observed a significantly (P<0.005) higher urea 
NMugrogen level an a control group of Gilts than an asimilar 
group Of gilts fed a protein-restricted diet during gestation. 

BLOOD SERUM Ca, P, BILIRUBIN AND URIC ACID (TABLE 6) 

The studies of Nachreiner and Ginther (1972a,b,¢,d) with 
sows in late gestation showed that the level of Ca remained 
fairly stable at about 9.3 mgt. In this experiment no major 
changes were observed; neither treatment nor stage of pregnancy 
influenced significantly the serum Ca level observed. Phos- 
phorus level ranged from 5.2 to 6.0 mg% during the period of 


study and was not significantly influenced by either treatment 
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or stage of pregnancy. Generally the P values recorded were 
slightly lower than those of Nachreiner and Ginther (1972a,b, 
c,d). While the level of bilirubin obtained by these workers 
was about twice that observed in this experiment, it did not 
appear to be significantly related to either the treatments 
imposed or the stage of pregnancy. The uric acid levels observed 
were very low (<1.0) and were Similar to those reported by 
Bowland (1975) and Sarwar and Bowland (1976) for young pigs. 
The 2 parameters under study, effect of diet and stage of 
pregnancy did not have a significant effect on serum levels 
Qieuiavenaci ds 

In conclusion, the results obtained were similar to 
those cited in the literature. The only significant change 
was observed with blood cholesterol where the tallow diet 
and the other 2 diets fed ad libitum led to increases in 
serum levels. The other parameters measured viz. serum 
albumin, alkaline phosphatase (AP) lactic dehydrogenase (LDH) 
and glutamic oxaloacetic transaminase (SGOT) were also not 
influenced by the treatments or stage of gestation to any 
Significant extent even though AP, LDH and SGOT generally 
tended to increase by Day 102 and decrease by Day 108 in the 


SeoadetLbieum treatments. 
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PROXIMATE COMPOSITION OF CARCASSES 

The weight of the carcasses both before and after the 
removal of the alimentary tract and bladder and the proximate 
composition of the carcasses are shown in Table 7. The 
treatments imposed on the sows during late gestation did. not 
Reavemanstgniticant (P<0-05) jetfect on any of theace1 tenia 
describedwin this table. “The age-~of the .=piglet significantly 
(P<0.01) influenced its proximate composition, however. 
Percent water had decreased while crude protein and fat had 
increased by 48 hr of life (P<0.01). Similar observations 
have been made by several researchers (Manners and McCrea 
1963; Brooks and Davis 1969; Seerley and Poole 1974 and 
Bestesch et al, 1976)... The increase in, protein and: fat. are 
most probably responsible for the increase in carcass dry 
matter at that age. 

The highest carcass and "empty" weights were from the 
C-H group, orfpiglets but this did not appear to Have any 
major effect on the mean proximate composition of the carcasses 
ubig’ jelalelperep a exh hove Widdowson (1950) and Pomeroy (1960) have both 
reported that piglets that were smaller at birth had more 
water and less crude protein and fat than heavier piglets. 
The amount of water in the carcasses of the newborn pigs 
Was about 79.4% for all the 4 treatments and is comparable 
tomthe findings in the Literature (Curtis teat, 1967; Brooks 
and Davis, 1969; Curtis et al, 1969; Seerley and Poole, 1974; 
and Seerley et al, 1974). 


The increase in carcass crude protein with age in the 
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TABLE 7 


CARCASS PROXIMATE COMPOSITION 


Treatment 


Carcass Weight,’ kg 
Empty Carcass Weight, 
Moisture, % 

ry Matter, % 
Crude Protein 
Total Lipid, % 
Ash, $% 
nies, © 
Gross Energy, 


kg 


kcal/kg 


Carcass Weight, kg 
Empty Carcass Weight, 
Moisture, % 

Diy Matter, 2 

Crude Protein, $% 
Total Lipid, % 

Ashes 

ROR IB. oS 

Gross Energy, kcal/kg 


kg 


Carcass Weight, kg 
Empty Carcass Weight, 
Moisture, % 

Dry Matter, 7%: 

Crude Protein, ¢% 
Total Lupxrdy, + 

Ash, % 


kg 


NiF.E., © 


Gross Energy, kcal/kg 


(Nx6.25), & 


(BIRTH TO 48 HR OF AGE)? 


C-L CAH 
DN (a9) Bree 2e( Ay) 
0:2 ee) 

19.5 Uysal 
20j05 20.9 
Lake 7 WALA 
Leo) oS) 
4.0 4.1 
A. 53) Biers 
909.4 904.7 


Pels(l7) 1.46 (9) 

Toy 1427 
80.5 80.0 
19.5 20.0 
12.4 1243 

a4 2.5 

o6 356 

0.9 ea 
900.5 956.6 

1.40(19)  1.69(10) 

1:26 1.45 
79.0 78.9 
2300 2a 
POEL) 13a 

S02 Se) 

BaG 3.6 

ee Oss 

1024.2 1052.3 


number in parentheses is the number of piglets. 


A ight fe freight of the slaughtered and bled pig, 
cass weight refers to the weig 
ae ; after the removal of the alimentary canal. 


-cass weight is the weight ary 
SNAP : ($ Moisture + % Crude Protein + % Total Lipid + % Ash). 


3N.F.LE. means 100 - 


SU TA SEM 
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ae IS 1109 0.07 
Ty oreaT, UShe de 0.30 
PAGE, 83 20.9 0.09 
10.8 WBE &! 0.24 
Wests} Died) 0.18 
“Veal 4.3 0.09 
Baio 335.5) yak) 
875).16 SO, 2 20.66 
24 HR _OF_AGE 
Mg ZZ a (le Sy) 0.07 
P09 1234 0.06 
80.5 79.4 0.28 
Ton 20.6 0.28 
eet P28 Ons 
a9 Zed OR 
4.1 “oil 0.09 
eS ioe 0.09 
873.0 958.2 GH, 
48 UR _OF_AGE 
dye) (0'5)) Ibs Sy) ((aUS3) OR Ow. 
We Bio) 1.40 0.06 
Peo) Wake Wi 0.28 
PA GA 72S Ss! 0.28 
WAS 1356 0.22 
PASS) 27 Oval a7, 
Bec ari 0.09 
Ory 0.9 0.18 
949.2 Mae7 eS aS} 22) 
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neonatal period has been well documented (Manners and McCrea, 
1963; Brooks et al, 1964 and Seerley and Poole 1974). 

In this study and in the literature there was no evi- 
dence that adequate or more than adequate nutrient intake 
by sows in late gestation had any influence on carcass crude 
Proteiny content:  Buitrago et al (1974a) did not, observe any 
Significant change in crude protein content of piglets from 
SOwS maintained on a low energy regime (2.2 Mcal DE/day) 
during gestation and neither did Seerley et al (1976) and 
ae SiC ete a 189), Oe, 

The percent fat in the carcasses of newborn pigs were 
eo p97 et oe andes. 0 Lor the: Ch, C= 2G6U wand eta groups 
respectively. The differences between the means were not 
Significant. Sows fed the tallow diet farrowed piglets 
with the highest fat content. Seerley et al (1974) have 
made a Similar observation with sows maintained on an ade- 
quate energy;level from a corn oil diet. Since the 3 exp- 
erimental groups of sows (C-H, SU and TA) were fed ad libitum 
it was felt that this could increase carcass fat content 
Greatly» but this did not happen. “Moreover, che slightly 
Greater amount Of fat ain the TA carcasses at birth was not 
evident at 48 hr “of age; piglets in this group had the 
lowest fat content at that age. These results are consistent 
with the results of Experiment 1 in which the TA diet failed 
to significantly increase the fat content of sow colostrum. 

The amount of ash in the carcasses at birth ranged from 


iO tot et and by 48 hr of age, 20 had declined to*s.6-4. 02. 
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Piglets from the TA group contained more ash than the other 
Groups, at birth end at 48 hr of age. These levels of ash 
are similar to those determined by Manners and McCrea (1963), 
Brooks et al (1964), Wood and Groves (1965), Curtis et al (1967), 
Friend (1974), Seerley and Poole (1974) and Seaerley eb al (1974). 
According to Curtis et al (1969), ash and carbohydrate con- 
tent in carcasses decreased during the neonatal period. This 
was confirmed in this study. The levels of nitrogen-free ex- 
tract (NEE) Or carbohydrate recorded at birth, foliow a pattern 
Similar to those reported for muscle samples in Experiment 2 
Part II with piglets from the C-L group of sows showing the 
lowest glycogen concentration. Results, in this experiment 
showed there was a rapid decline in carcass carbohydrate 
content with age. Other studies (Brooks and Davis 1969 and 
Seerley and Poole 1974) have reported a decline in carbo- 
hydrace levels from birth, to 48 hr of age. 

There is a dearth of information on the energy content 
of the carcasses of newborn and neonatal pigs and how feeding 
level during pregnancy effects the gross energy content. In 
this, study carcasses from the’ C-L,. C-H, SU and TA dietary 
treatments contained 909.4, 904.7, 875.6 and 909.2 kcal/kg 
respectively at birth. These had increased to 1024.2, 1052.3, 
S20, 2eand 1017.0 keal/kq by 48 hr of age. » Thevincrease with 
age was most probably due to the increasing dry matter and 


Sate content in the carcasses. 
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PIGLET CARCASS FATTY ACID COMPOSITION 

The stabilised tallow used in this experiment contained 
2.0% MYListicwecia, Lu2evpentadecyclic acid, 84,53 palmlrrc 
acid, 2./% palmitoleic acid, 18.7% stearic acid) e38i7% oleic 
acid, 6.2% linoleic acid. and 175% linolenic acid. “This was 
Petlectedsin the tallowrad1et tea (Table 2) <andeat was tebe 
tat ite would lead to ma srgniticantly higqnersolerc (Clsel) 
acid level in the carcasses of piglets from sows on such 
treatments as has been reported by Friend (1974), Seerley and 
Poole (1974) and Seerley et ‘al (4974) for corn o11 diets. 
In this study, about 95% of the fatty acids were identified 
(Table 8) and the values recorded for each were either com- 
parable to or less than those reported by Brooks and Davis 
(1969), Friend (1974), Seerley and Poole (1974), Seerley et 
Diesel oA a anc Bere schset ale (L976)"s 

The short-term ad libitum feed intake by sows in late 
gestation, did, not have a significant effect on "the carcass 
fatty acid composition at birth; the only exception was in 
the level of Cl6:1 which was Significantly lower with the 
da dibatum groups Of sows. The level of Cl8:1 im the carcasses 
Of the TA piglets at birth was 30-63 but’) this was Lower than 
thes sl.22 observed fon the SU piglets. Thus71c couldsbe 
stated that the fatty acid content of the lipids of newborn 
pigs did not reflect the fatty acid composition of the sows' 
diets. It is not certain what may have caused this but it can 
be speculated that (1) a longer period of feeding may have 


given different results or (2) there may be differences in 
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CARCASS FATTY ACID COMPOSITION (BIRTH TO 48 HR 


Fatty Acid 
(As % Of Total Fatty Acids) 


Grar 
Cup 
ClG: 
(enka 
C18: 
NIEHS 
CUBis 
Gigs 
(e720)R 
C20: 

Others 


C14:0 
CLSc 0 
C16:0 
Clery 
20 
1 
2 
5 
3 


C18 


Cis 
C18: 
CES: 
20% 
C20% 

Others 


C14: 
GUS 
CG 
CLGis 
CoDis 
Crests 
Curse 
cls: 
C20: 
C20: 

Others 


ES TST eae eet Ne en f so Ta) 


4 


4 


0 
0 
0 
1 
0 
iI 
2 
3 
3 
4 


2.2(8)* 
1.0 
27S 
gee 
1303 
30.3 
4.8 
0.8 
0.8 
5.2 
By) 


*Number of piglets is shown in parentheses. 
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0.6 
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SEM 


0.10 
0.08 
0.40 
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the rates of transfer of various fatty acids across the 
Placenitad, barrier. 

Overall, the proportions of myristic, pentadecyclic, 
palmitic, palmitoleic, stearic and the 2 unsaturated forms 
Of arachidic acid decreased with age while oleic, linoleic 
and linolenic acid increased with age. These changes were 
all signitreant (P<0.01) "but only led to a significant 
(P<0.05) age x treatment interaction with respect to myris- 
ete, palmitic and palmitoleic acid. The sum of the satur— 
ated fatty “acids, identified were 4379, (4379, 44.4 and 44,52 
for Che .C-l, C-H, SU and TA “treatments respectively at barth 
while the corresponding values for the unsaturated fatty 
AGC oma tes cheweLe S0le2c, 49/ p49) sand 49.9 2 = Ths, sene 
dietary manipulations imposed on the sows did not seem to have 
had any major effect on the proportions of saturated and 
unsaturated fatty acids in the piglet carcasses at birth. 

In the literature surveyed it was established (deMan and 
Bowland, 1963) that the fatty acids pattern in colostrum was 
Similar tO that of the backfat of Sows and mature pigs. On 
comparing the colostrum pattern to that of the newborn pigs 
ies apparent that there “are considerable ditrerences esp- 
eciallyein the Levels of Cié:1, C16:;0, €l3e:0 and Cle. 2-3 that 
considerable changes occur in order to attain the typical 
adult pattern which as similar to the pattern an the body fat 
is shown by the significant age effect mentioned and in Table 
9 where the fatty acid composition of the colostrum and new- 


born and neonatal piglets from the control group have been 


presented. 
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PIGLETS 
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EXPERIMENT 2. PART II. GLYCOGEN LEVELS IN NEWBORN AND 

NEONATAL PIGS. 

Experimental Procedures 

1. Animals and Diets 

Eighteen crossbred sows ranging in age and weight from 
tn2 coy) Years jand 130 tio 250ekg and mated to crossbrea boars 
were randomly allotted on the basis of weight to the 4 dietary 
theaetments described previously (Exptl 1).) "The number ot 
SGWSeon, tEherc-l, -C=Hy (SUsand TA treatmentsawereu4 ao, 64-65 
respectively. Records were kept of total feed intake but 
sOowS were not weighed at Day 112 of gestation and at 2 days 
post-partum as in the first part of this experiment. 

2. Collection of Tissue Samples at Parturition and 

POst-Partum 

All farrowings were attended. Piglets were randomly 
selected as they were born, dried and weighed after the 
umbilical cord had been cut to a length of approximately 4 
cm. Piglets were mechanically stunned and killed by cervical 
dislocation and exsanguination. The collected blood was 
prepared for chemical analyses as described previously for 
sows' blood. The viscera were quickly exposed by a ventral 
incision and 1 or 2 liver lobes (depending on the size of 
the piglet) were put into plastic vials, capped and immersed 
into Liquid nitrogen. The 2 L. dorsi muscles on ‘each side of 
the midline were next removed and similarly treated. Frozen 
samples were stored at -30°C until analysed for glycogen 


concentration. All piglets not killed at birth were dried and 
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weighed as they were born and at either 24 or 48 hr were killed 
and samples collected as described for the newborn group. 
These piglets were weighed before slaughter. A minimum of 
7 piglets were killed at each time period for each treatment. 

3. Chemical Analyses 

1. Glycogen Determination 

The procedure adopted was similar to that of Stanton 
and Schwartz (1967). One to 2 g frozen samples were solu- 
bilised in hot 30% potassium hydroxide; the released glycogen 
was precipitated with 95% ethanol and hydrolysed with1.6 N 
sulphuric acid. The glucose present was determined enzymati- 
cally as described in Appendix 4. 

2. Piglet Serum Profile determinations were as described 
in Experiment 2, Part 1. 

3. Feed Samples were analysed for crude protein, ash, 
ether extract and gross energy as described previously. The 
nutrient composition showh in Table 1 represents the means 


for all feed samples analysed in the 3 studies. 
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RESULTS AND DISCUSSION (EXPERIMENT 2 PART IL) 

Sow and Litter Performance 

The feed intake of the sows and the piglet weight data 
obtained are shown in Table 10. Feed intakes were similar for 
the 3 ad libitum treatments and these were SLGMLLUcCAne Ly 
(P < 0.01) different from the feed intake of the control group. 
Ofehore 15 che fact thatiin this study, the vteca intake of the 
©U group was not the highest for the 3 ad libitum groups as 
it had been in the previous experiments. 

The differences between the liveweights of all newborn 
pigs were not significant but the difference between the weights 
for those born alive were significantly (P<0.05) different 
with the TA piglets having a significantly lower weight than 
the SU group. The mean liveweights of the piglets slaughtered 
at 24 hr of age were similar but the weights of those slau- 
ghtered at 48 hr of age were significantly different. In this 
instance however the heaviest pigs were from the C-L treatments 
and their mean weight was significantly (P<0.05) different from 
tne weight of the C-Hegroup but ‘similar to those of tne SUvand 
TAy piglets. These differences are dificult to interpret 
especially in the light of the results of Experiment 1 and 
Hoperiment, 2, Part 1, in’ which the same 4 treatments gave mo 
SlLognigicant eLrects. 

BLOOD SERUM GLUCOSE, CHOLESTEROL, TOTAL PROTEIN AND UREA 

NITROGEN 

As shown in Table 11, the treatments imposed on the dams 
in late gestation did not have a significant effect on piglet 
Gerum glucose, cholesterol, total protein and urea nitrogen 


levels. Age of the piglet, on the oLphner hand, had @ Ssigna..— 
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cant (P<0.01) effect on serum cholesterol, total protein and 
urea nitrogen levels. There were no Significant age x treat- 
ment interactions. Mersmann (1974) has noted that blood 
glucose is low in the newborn pig (30-60 mg/100 ml) and sev- 
eral researchers: (Goodwin 19577 Swiatek et .al,. ood: Bengstsson 
eCyal, 1969; Gentz etal, 1970.) Pettigrew et. al, 1971." Mersmann 
Sue Glin USA Sercieheein: fee, iil, 1973, and Seerley et al, 1974) 

have data showing similarly low values. 

However, in this experiment the serum glucose level was 
high (2100 mg/100 ml) at birth and either decreased or in- 
creased slightly by 48 hr of age,with piglets from sows fed 
the tallow diet in late gestation recording the highest level 
at that age. High glucose levels at birthhave been reported 
by Curtis etal (1966), Aherne eb al (1969b) , Tumbleson and 
Kalash (1972), Buitrago et al (1974a) and FPrurend (1974). . The 
possible reasons for the differences in observed glucose levels 
in newborn pigs have been alluded to in the literature review. 
These included age of pig, state of nutrition and environment 
o£ dam and piglet, type of sample and time interval for 
Sampling and analysis. Serum cholesterol levels were low at 
birth in all groups and while the maternal treatments did not 
Intivence the levels, age had a Ssigniticant, (P<0701)) efiece 
on cholesterol levels. In all 4 groups, the cholesterol level 
rose from birth to 48 hr of age and the C-L litters had the 
lowest level at either 24 or 48 hr of age. The increase in 
serum cholesterol level with age has also been reported by 


Tumbleson and Kalish (1972) and Tumbleson and Hutcheson (1976). 
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Serum total protein was low at birth and was quite high 
by 44, and 48 hr or ‘aqe, The increase was significant 
(P<0.01) in all treatment groups. Similar results have been 
reported by McCance and Widdowson (1959a), Miller et al (1961), 
Ramirez et al (1963), Mersmann et al (1972), Tumbleson and 
Kalish (1972) and Tumbleson and Hutcheson (1976). As dis- 
cussed by McCance and Widdowson (1959a) and Tumbleson and 
Kalish (1972) the intake Of colostrum or more specitically 
gamma-globulin is responsible for the rise in serum total 
protein. 

Very few of the studies to date have determined serum 
urea nitrogen levels at birth and soon after. In this exper- 
iment,age of the piglet had a significant (P<0.01) effect on 
the urea nitrogen level (Table 11). The values shown for 
newborn pigs were lower than those reported by Tumbleson and 
Kalish (1972) who had also mentioned that it increased (P<0.01) 
from birth to 24 hr of age and then decreased (P<0.05) by 3 
days of age. Generally the glucose levels at birth were 
greater than, while the cholesterol, total protein and serum 
urea nitrogen were less than, the levels reported for sows 
Neaweterm (Day 20S On Gestation). #GlucosS levels in fetal 
pigs near term have, however, been found (Aherne et al, 1969b 
ancdmeandald and Lb’ Ecuyer, 1976) to be lower than the corres= 


ponding maternal values. 


BLOOD SERUM Ca, P, BILIRUBIN AND URIC ACID (TABLE 11) 


There were no Significant treatment effects on the serum 


GP oiliruban amd uric acid levels. Age ot ine piglet had 
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a»Significant (P<0.05) effect only on the levels of bilirubin 
and) uric acid. In all groups, uric acid decreased from birth 
tomz4 hr of age but only the piglets from the C-L treatment 
showed a further decline by 48 hr of age. Serum bilirubin 
on thesotherchand, ancreased irom birth toe24ehr wofeage and 
inethe SU -~and TA groups, there were further increases by 42 
hr of age. Tumbleson and Kalish (1972) have reported 
slightly higher Ca and bibirubin but lower P levels in newborn 
Pigs; however, the fluctuations observed by these workers in 
the levels of these constituents during the neonatal period 
were Similar to those recorded in this experiment. Piglets 
from sows fed the tallow diet in late gestation had the low- 
est esemunr Cay (Pa -and cic acidsbutbtne vonestybL lt rbingac 
birch. eWhethen this isscelated:tosthe higher caloric density 
Grethis diet is not certain but Aherne et al()97G)) havesxre- 
ported that serum Ca. and P. levels might not reflect the con- 
siderable differences in the intake of minerals caused by 

the variation in the caloric density of diets fed to growing 
piges “According to Hansard (1965) absorbed) manerals pass 
freciyetromedam Eo fetus at wall stages of gestation 7 with 
quantity and rate increasing progressively with stage of 
gestation. He did mention, however, that variations in molec- 
ular or ionic size, exchange rate, concentration gradient and 
other factors can influence the rate and quantity of the 
various minerals transferred across the placental barrier. 
The Ca, P. and uric acid levels reported were higher than 


those shown for sows near term while the bilirubin level 
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was less. Garel and Barlet (1976) have reported that both 
newborn foals and lambs have higher Ca and P levels than their 
dams soon after birth. A similar observation for serum Ca 
has been made by Krukowski and Smith (1976) with newborn rats. 

As in the sow blood profile study, the following were 
also determined in piglet serum samples, viz. AP, LDH, SGOT 
and serum albumin. Of these, only AP was not significantly 
influenced by the age of the piglet. The level of albumin 
increased gradually from birth to 48 hr of age while LDH 
andvoGOT levels “incereased by 24 hr ot aga. 

GLYCOGEN LEVEL IN THE LIVER AND MUSCLE OF NEWBORN AND 

NEONATAL PIGS. 

The results obtained are shown in Table 12. The treat- 
ments imposed on the sows in late gestation had a significant 
(P<0.01) effect on the liver glycogen concentration at birth. 
The liver glycogen in the C-L group was the highest but it was 
Only Signitvcantly different from that of “che TA group. Age also 
Had signitircant (P<0.01) effect and both ded to a significant 
age x treatment interaction. 

The High liver glycogen level ebtained with piglets from 
the sC-L group perhaps indicates that the levelloft feeding 1s 
Sufficient for optimal glycogen deposition, Paglets from the 
TA group of sows had the lowest liver glycogen level at birth 
suggesting that fat containing diets do not promote glycogen 
deposition. Seerley et al (1974) have reported a slightly 


lower liver glycogen level in piglets from sows fed (near term) 
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aedictethat contained cornewoLl. In earlier studies, 
CuRpersPetyale (1965) sand Reedy et al (1966) have failed to 
increase liver glycogen levels of piglets from sows "loaded" 
with glucose in late gestation. The values recorded for 
liver of newborn pigs in all 4 treatments are generally 
Similar to those found by Mersmann and Houk (1971), Mersmann 
(iI 7) Messmann jet alae 2jevand Seerley em el (1974)... ean 
all bute one (control Group); minimal liver glycogen level 
appeared, to have been reached within 24 hr after birth as 
Suggested by Mersmann (1974). Inthe control group, the 
depletion pattern seemed to follow those established by 
Mersmann and Houk (1971), Mersmann (1971) and Mersmann et al 
(1972). Friend (1974) has suggested there could be preferen- 
tial metabolism of dietary carbohydrate for fetal development 
With dietary fat being used for body storage. This may explain 
the lower glycogen content of the liver of the piglets from 
the TA sows. 

In the literature cited it has been shown that the type 
of muscle analysed can influence the results obtained. In 
this study the L. dorsi was chosen because of easy accessibility. 
Baaoulack Of SUELI Cent cata on this particuler muscle, in piglercs. 
De issthus important that the results shown an lable 12 be 
compared to values recorded in the literature for that par- 
ticular muscle. Apparently only Custis et al (1966) and 
Seerley et al (1974) have determined the glycogen Content oF 
the L. dorsi of newborn pigs. The former recorded a value 
OL (lsommag/g while the latter reported a concentration of 


Ia? mo/Ge. Im this study the C—-L group's piglets contained 
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an average of 167.3 mg/g while the C-H, SU and TA groups 
contatned 181.9), 180.6 and 184.7 mg/g respectively at bLren. 
The differences between the means were not significant. 
Perhaps it could be speculated that feed intakes over and 
above the recommended level may lead to only a slight 
increase in muscle glycogen. 

Whe age of the piglet had a significane eftece (2-0, 01) 
on the glycogen concentration in muscle but, unlike liver 
samples, this change was more evident at 48 hr of age. This 
agrees with the conclusions drawn by Shelley (1961) and Mers- 
mann (1974) who have reported that in skeletal muscle the 
rate of decrease of glycogen after birth was less rapid with 
minimal levels being reached at 36 to 48 hr post-partum. 

The 48—=n~ ‘values reported for the =i, C-H, SU and TA croups 
Webeo40.5, 04.4, 65.7 and 57.6% respectively of scene values 
determined at birth and the corresponding figures for the 


iuveresamples are 20.8 ,.2/.7, 29.5 and 46.425 
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SUMMARY - EXPERIMENT 2 

The data on feed intake of the sows, their weight changes and 
weights of the newborn pigs obtained in this experiment are 
generally comparable to thease in, Experiment 1) Lactic acid 
levels in the plasma of piglets were high at birth but were 
not influenced by the feeding treatments imposed in late gest- 
ation. None of the piglet blood parameters studied in this 
experiment (Experiment 2; part II) appeared to have been 
affected by the treatments. All the significant changes ob- 
served were age and not treatment related. However it is 
worth noting that by 48 hr of age, piglets from the ad 
libitum groups of sows had the highest cholesterol levels in 
the blood. Sow blood characteristics were similar between 
treatments at the start of the test period and the only 
Significant change over the 8-day period was the high level 
of cholesterol observed with the tallow diet. Owing to the 
lack of a significant treatment effect on piglet proximate 
carcass composition, one can only mention trends. Of note, 
are the slight increase in carcass fat at birth with tallow 
feeding and the slightly higher NFE values obtained with the 
C-H, SU and TA groups. The increase in carcass fat mentioned 
may explain the trend towards higher survival shown by this 
group in Experiment 1. Moreover, the SU piglets which had 
ime tirgnest NFR value did not have the highest survival rate. 
AS with the colostrum samples, the similarity in the content 
OE TeLo:0 and Cl8:1 for the C-L and TA groups was; also evident 


in the carcass samples at 24 and 48 hr of age. 
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There have been more studies on the glycogen depletion 
Pattern’ in liver samples than in muscle tissues. In ‘ehis 
experiment it has been confirmed that the rate of depletion 
im muscle is’ slower than in the Liver. However, ‘the muscie 
studied, i.e. L. dorsi, does not seem to give a good indication 
of post-natal changes in the carcasses' carbohydrate content 
for, while the carcass level had declined to about 40.1% of the 
level@at birth by 24 hr of age, the level’ inthe 'L., dorsi 
was 76.9% of the level at birth. The importance of speci- 
fying the muscle analysed has been discussed by some workers. 
The present study indicates that in the neonatal period, 
changes may be occurring in the glycogen content that may 
not be reflected in the glycogen level of the L. dorsi. 

The literature surveyed has indicated that the B. ‘femoris 
may have a depletion pattern more similar to the pattern in 


the total body. 
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GENERAL DISCUSSION 

Piglet deaths still account for 20-303 of all Pigs born 
and most of these losses occur in the first 72 hr of life. 
In spite of the fact that swine researchers have been able to 
overcome some of the inefficiencies in swine production, they 
have, so far, been singularly unsuccessful in reducing to any 
Signitteant extent, the high mortality that hasbeen plaguing 
the swine industry... | This is proven by the fact that. piglet 
mortality in the seventies is similar to what it was in the 
Sixties. It is true though that there are some producers who 
are doing very well in this respect. England (1974) listed 
certain feeding and management practices that he considered 
could reduce mortality but the economics of some of these prac- 
tices can be questioned. The losses of piglets can be re- 
lated, among other things, to the paucity of body fat in 
newborn pigs and the rapid depletion of its glycogen reserves. 

The studies described in this thesis were undertaken to 
determine the body reserves of newborn and neonatal pigs, 
blood constituent changes and the performance to weaning age, 
Of piglets from sows given an excess of nutrients in late 
gestation. The 4 treatments: control-low, control-high (ad 
Jibitum), 10% sucrose diet (ad libitum) and 10% stabilised 
tariow diet (ad libitum), did not lead itorsignisicant difter— 
ences in most. of the meproductive and litter perniormance 
Parameters studied. The excess nutrient, intake led»only to 
a high gestation weight gain and very little improvement in 


birth weight. What is worth noting here is that even though 
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previous studies have shown this same result; they have been 
under situations where high feed or caloric intake has been 
imposed throughout pregnancy while this study was only for the 
last 2 weeks of gestation. Moreover, reproductive performance 
eng uthe sows, ability tounurse theiz litters did not appear 
to have been adversely affected by the treatments imposed. 

The colostrum samples analysed were too few to permit 
any firm conclusions... where are however, substantial data, on 
(ne eklects of including fat or old an the sow's diet onthe 
GLOSS ana State y acid scompes tion "Of colostrum. » lhe sow.s 
capacity to buffer the fetuses against nutritional deficien- 
cies, also appears to work in the other direction, i.é. when 
excess nutrient is available. This may, to some extent, 
explain the lack of response shown in these studies. There 
was no Significant treatment effect in the carcass and 
cColostral tatrucontent with the, feeding of tallow to the sows 
ifielate gestation. Le ts unfortunate that the plasma, facty 
acid levels in the sows were not determined for it has been 
Snowwetiat with erther the Infusion Of OF ancoLrporacion anto 
the teed of triolein, the composition of the plasma triglycer-— 
ide of lactating sows was altered towards that of triolein 
(Witter et al, 1970; Witter and Rook 1970). Moreover, the 
changes in the fatty acid composition of the plasma were re- 
flected in the composition of milk fat from these Sows, 
indicating a direct transfer of the fatty acids into milk. 
A study of the plasma fatty acid composition would have 


indicated whether it has been altered as a result of the tallow 


a. 


eoid. 
‘ 


a 5 
yes 


- "i 7 
7 - 
i > . ; 
7 — j oe ee pai wh wit cc 
= 


4a 
Ry) 
é 
weeks j E 
, oom 
iG & = . 
a i) 9 
he » -. @ _— 
oo : 
$ . : : 
a a ar ~ sa > 7 oe < - 4 ; : 
PaaS -., “ay 
as a iow, 7 a e 7 @ | a be 
<a ¢ 7 = wif 
Bar a Ati Sloe Sin . ; _ " ‘ = 
pe = a 7 7 


108 


and other ad libitum treatments. The only blood parameter 
studied ‘that may give Wan indication of the fat “status in 
the sow's blood was cholesterol which was observed to have 
increased. 

Transport of fatty acids across the placenta can be 
estimated from the relationship of the maternal to fetal 
concentrations of fatty acids, the transfer of Labelled fatty 
acids, umbilical blood venous - arterial differences and 
other techniques. Szabo and Szabo (1974) and Hull (1975) have 
noted that in most species fatty acids readily cross the 
placenta into the fetus. However, the sow was not mentioned 
in these reports and, in the light of the minimal increase 
observed in the carcass fat content of the newborn pigs from 
sows fed a tallow diet, one wonders whether the placenta with 
its high number (6 in sows) of layers or membranes may be 
acting as a barrier to fatty acid: transter. One whould also 
Not discount the mpossible intluence of the placenta as a 
storage organ for triglyceride and the possibility that the 
number and capacity of the adipose tissue may be limited, for 
it is one of the last major body tissues to appear. Finally, 
Szabo and Szabo (1974) have noted that in animal species 
having a poor placental free fatty acid transfer eg. the rat 
adipose tissue comprised only 1% of the body weight of the 
newborn; perhaps the pig is in this same category. 

The last word naturally belongs to glycogen: this study 
has shown that the maximal level may in fact be obtained with 
adequate nutrient intake as in the C-L group of sows. Feeding 


excesS nutrients in the form of glucose (whether from starch or 
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sucrose) to sows in late gestation did not lead to significant 
increases in liver and skeletal muscle levels at birth. The 
fevels >in the livers of the offspring © from the ad labitum 
groups were considerably lower. This may not be attributable 
to glycogenolysis in the peripartum period in view of the 
observations that glucose and lactic acid levels in the blood 
of the newborn pigs were not significantly influenced by the 


treatment. 
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APPENDIX l 


FATIV ACTD PATTERN: OF TOTALCUIPIDSLUSING 
CHLOROFORM: METHANOL EXTRACT 


A. METHYLATION 


Reagents: i. Methylation reagent 
5) 6 BOron. crit Uonvds (BF3) solution. 
= 10% Boron trifluoride in methanol 
(MeOH). 
- 20% n-pentane 
- 45% methanol 
a. Chloroform-methanol 


PROCEDURE : 

1. Transfer some of the chloroform:methanol extract to 
aamertnylebLons tube (approx. 00-200, mg tat). 

2. Evaporate the solvent under nitrogen in a water bath. 


3. Add approx. 10-15 ml of the methylation reagent {353% 
BF3 solution (10% BF, in MeOH), 20% n-pentane and 45% 


MeOH } 

4. Close with teflon-lined screw cap and heat in boiling 
water bath for 40-60 minutes. Shake occasionally. 

5. Cool the tube to room temperature, open and care- 


filly add. aAppEOse Dum distilled water and, 10) mi im-— 
pentane. Shake briefly. 

6. Remove pentane (upper) layer with a Pasteur pipette 
and store under nitrogen in glass vials with teflon- 
1aned=caps. 

7. Purify the methyl esters (from no. 96 above) on thin= 
layer chromatograph platec Develop the plate in 


benzene touche. top. (approx. J) €o 12a tri). e eldenricy 
the methyl esters under short-wave ultra-violet 
kel gher 

8. Scrape the methyl esters into a funnel and extract 
with chloroform:methanol (2:1). Store under nitrogen 
inaglass vials. 

9. Run gas chromatographs. 


iE 
Coated with 0.25 mm Silica gel with fluorescent indicator 
UV254 Macherey~Nagel Co., 516 Doren-WerkstraBe, 6-3. Postlach 


307, Germany. 
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APPENDIX, 2 


FATTY ACID PATTERN IN FEED SAMPLES 


REAGENTS: 


ANCHE) 10S HCL 
N-pentane 
Methanol (MeOH) 
40% potassium hydroxide (KOH) 
ie Sodium chicride solution (NaCl) 
Br reagent 


4 
PROCEDURE : 
1. Hydrolysis 
a. 10 g of well mixed ground sample was weighed into a 
beaker and 10 mi of acqueous 4N HCL added. Glass 


beads were also added and the mixture boiled gently 


2oLn 30 minutes. 


b. The hot hydrolysate was filtered using a filter paper 


and the residue was washed several times with hot 
water (pH 6). 

c. The filtrate was discarded; the filter paper was 
dried overnight in a freeze-drier (37.8°C), trans- 
ferred into a thimble and lipids were extracted in 
a Goldfish apparatus with pentane for 4-6 hr. 

d. The solvent was evaporated on a steam bath. 


Saponification 


a. 50 ml of MeOH, 4 ml KOH and glass beads were added 


to the lipid extract and boiled under a meniux icon- 


denser for 30 minutes with regular shaking. 


be This > was cooled and distilled water (50 mi) water 7/50 


ml MeOH) added. 

c. The soap was placed in a separatory funnel, washed 
thrice with distilled water (10 mil) “and 100 ml, ot 
pentane added . 


qd. Atter gentle shaking (for good Separation), the 
water fraction was drained into another funnel and 
washed with 100 ml pentane and 2 drops of Nacl 
Solution. 


e. 10% HCl was added to the water-MeOH fraction (pH 3). 
Then 100 ml pentane was added and shaken vigorously. 


After 2 extractions, the pentane phase was retained 
and the FFA filtered over sodium sulphate into a 
flask. The pentane was evaporated and the water 
layer removed. 
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Methylation: 


a. 


4 ml BF. (103 BES 2h MeOH) was dded to the FrA wah 
the flask, covered (Kleenex tissues) and cooked on 

a steam bath until the specimen changes from "Clear" 
CO, Mili (4 mines ir. 

The flask was removed, 30 ml of 1% NaCl solution 
was added to the contents and allowed to cool 
completely. 

The methyl ester was extracted twice with 50 ml 
pentane and evaporated to proper concentrations for 
gas chromatography. 


The conditions that prevailed during gas chromatography 


were: 


Column: (1) glass, 366 em long and 2 mm inner Gdrameter. 


(2) packed with 102 SP 2340 on 100-120 mesh 
Chromosorb W-Acid washed. 
(3) Temperature: 190—225°C at 3°/minute. 


Inlet and Flame Detector temperature = 255°C. 
Nitrogen and hydrogen flow rates were 20 ml and 40 ml/ 
minute respectively. Air-—flow rate was 1.2 S.C.F.H. 
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APPENDIX 3 


PLASMA LACTIC ACLD DETERMINATION 
(Sigma Technical Bulletin No. 826-UV) 


REAGENTS AND MATERTALS: 


i. Lactic dehydrogenase enzyme - 1000 units/ml (LDH) 
ial Glycine buffer, contains glycine and hydrazine 
ie ie Nicotinamide adenine dinucleotide vials - 10 ml/ 

vial (NAD) 
LV... 6c “(W/W ePerchloric acid 
Vv. Spectrophotometer eg. Beckman - DBG 
PROCEDURE: 

ia) Two mi glycine buifer, 4 ml distilled water and 
0.1 ml LDH were pipetted into a NAD vial which 
was inverted several times to dissolve the NAD. 

2. eect Of ths MEXture was put anto teach. of =2 
test tubes,with one was labelled "Test" and the 
other, “Blank. 

3. 0.1ml of the deproteinised plasma was put into 
the, tube labelled “Test” and 0.1 ml perchloric 
acid solution was put into the "Blank" tube. 

4A. 0.1 ml of distilled water was added to each tube 
tovpEingethe final, volume tors -O0nmi. 

5.) Both tubes were incubated sin va water, bath at s/c 
For oO minutes. 

6. Absorbance of sample (Test) was read at 340 nm 
funder ultraviolet light) using the Blank as 
reference 

CALCULATION: 


Plasma lactic acid (mg/100 ml) = Absorbance reading 
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APPENDIX 4 
GLYCOGEN DETERMINATION 


. In the procedure described below what is being deter- 
mined 1s the number of glucose equivalents per g of tissue. 


lie SAMPLE PREPARATION: 
A. Reagents and Materials: 


30% potassium hydroxide (KOH) 
io N sulphuric acid (H>S0,,) 
95% ethanol (EtOH) 


Be Procedure 


1. Using 2 ml KOH per g of frozen tissue, the weighed 
tissue sample was boiled in a pyrex tube containing 
KOH until a solution was formed (approximately 1 hr.). 

2. 1.1+to 1.2 volumes of EtOH was added, mixed well and 
the contents of the tube was heated to the boiling 
point. 

3. The tube was cooled and centrifuged at 3000 rpm for 
10 minutes. 

4. The mother liquor was decanted and tube drained. 

5. The precipitate left in the tube was next heated to 
expel residual EtOH. 

G.. 2 volumes of H»,SO, (1.6 N) was added to the contents 
of the tube, making sure that any precipitate on the 
sides of the tube had been washed with the acid. 

7. The tube was next heated with regular shaking ina 
water bath to hydrolyse the glycogen. 

8. The hydrolysate was transferred into a volumetric 
flaskand made up to the mark, with distilled, ide1oni— 
sed water. 


II. GLUCOSE DETERMINATION 


The Glucostat Reagent Set supplied by Worthington Biochem- 
ical Corporation (So, San Francisco, Calit.. 94080) 0.S.A.) (was 
used. 


A. Reagents and Materials: 


Glucostat reagent vial icontaining glucose) oxidase, 
a buffer and peroxidase. 

Chromogen vial containing 3,3'-dimethoxybenzidine 
dihydrochloride: 

Spectrophotometer (absorbance read at wave length 
of 400-425 nm) 

Cuvettces 
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4.0 N hy@rochloric’acid (acl) 

2,038 *2inewsulphate: (ZnSO; 9 7H50) 

1.4% sodium hydroxide (NaOH) 

stock glucose solution = 1000 mcg/100° ml in satur= 
ated benzoic acid. 

weLurated= benzoic acid (0.34 @ benzoic acid in 
100 ml deionised water). 


B. Reagent Preparation: (Semi-Micro Method) 


a. Add 30 ml deionised water to a 50-ml graduated 


cylinder 

b. Dissolve the chromogen by injecting 5 ml of deionised 
water Into the chromogen vial. Add to the graduated 
ey lander: 

GC. Dissolve tne contents of the Glucostat vial with 


deionised water and add to graduated cylinder. 
d. Adjust the final volume to 50 ml with deionised 
water : 
Cee sosay : 


~ Deproteinisation 


a. Set up series of test tubes. Include one for each 
unknown, one for a reagent blank and one for each 
Standard~. 


b. Add 2.0 ml of deionised water to reagent blank tube 
and 1.9m co the other tubes. 

ee Add 0.1 mi of Sample (diluted hydrolysate) or stand-— 
ard to respective tubes. 


aes Masciand add 1.10 ml NaOH solution. 

een Mirceand add 1.0 mil ZnSO, solweLon. 

Coo ake ning, ctl ter Or Center ruge, 

G. The supernatant is used in the glucose assay. 
“Enzymatic Determinalion Gf Glucose 

a. Set up a series of test tubes. Include one for each 
unknown, one for a reagent blank and one for each 
Standard. 

boemePioecte 200ml Of SUbernatanl Into respective) tillbes. 

Gu 8A timed antervals, add 2.0 ml Glucostat reagent co 
each tube and mix. bet stand exactly 10 minutes, ae 


boom tenperacure. 
d. At the same timed intervals, add one drop of 4N HCl 


to each tube and mix. “het Stand for at least Ss min— 
utes. 
ene Pead absorbance Of Solutions at 420 mm; Set Sspectro— 


photometer at zero with reagent blank. 


*Preparation and Calibration of Standard Curve 1s done as 
shown in the table below: 
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ate | eet ps 20) Ree oe : 


rr Draw a standard curve and read concentrations of 
unknowns directly from standard curve. 


CALCULATION: 


Glycogen (mg/g wet tissue) = 


total glucose concentration (mg) 


weight of tissue used 


PREPARATION OF STANDARD SOLUTIONS 


Units (mg/100 ml) 100 200 300 400 
1000 mg/100 ml 
stock glucose 
(m1) Lore oe 0y toh OuNman 


Deionised water 
(m1) 0) 80 0 6.0 


These 10 ml solutions are then deproteinised and assayed 


with the unknown. 
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